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THE REVERSE SELECTIVE BACTERIOSTATIC ACTION 
ACID FUCHSIN. 


JOHN CHURCHMAN, M.D. 
(From the Department Hygiene Cornell University Medical College, New York.) 


(Received for publication, July 19, 1922.) 


The selective bacteriostatic activity gentian violet now 
well established fact. bacteria exposed this dye and planted 
plain agar all the commoner Gram-negative organisms grow 
well the controls, while all the commoner Gram-positive spore- 
bearing aerobes are even relatively short exposure 
the dye. What true gentian violet also true greater 
less degree other basic dyes the triphenylmethane group. 

now found that cleavage exactly the opposite sense occurs 
bacteria exposed acid fuchsin. Whereas gentian violet kills 
the Gram-positive spore-bearing aerobes and spares the commoner 
Gram-negative organisms, acid fuchsin spares the former and kills 
the latter. the present paper the experimental evidence 
which this statement based will presented and the significance 
the observation discussed. will noticed that though the 
case gentian violet fairly complete parallelism between the Gram 
reaction and the gentian violet reaction has been established, the 
case acid fuchsin the reverse selective activity has been demon- 
strated only between Gram-negative bacteria and aerobic spore- 
bearing Gram-positive organisms. Nothing will said the effect 
acid fuchsin non-spore-bearing bacteria. 

The term reverse selective activity used this paper indicate 
bacteriostatic property whose selective feature the reverse 
that gentian violet. Since this dye was the one first studied its 
behavior arbitrarily defined normal; and dye which exhibits 
reverse selective activity is, therefore, one which kills Gram-negative 
bacteria and spares Gram-positive. 


= 
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The experiments were done adding the dye test-tube 
thick aqueous suspension the organism studied, keeping the 
test-tube 45°C. for hour, and then stroking the suspension 
plain agar (pH 7.2). every plate four strokes were made (see, 
for example, Fig. 1): first, stroke unstained Gram-negatives for 
control; next, stroke stained Gram-negatives; then stroke 
unstained Gram-positives for control, followed stroke stained 
Gram-positives. The organisms used were follows: 


Gram-negatives. Gram-positives. 
typhosus. anthracis (two strains). 
coli communis (four strains). pseudoanthracis. 
coli communior. subtilis (three strains). 


paratyphosus 

prodigiosus (two strains). 
pyocyaneus. 

proteus vulgaris. 


drops saturated aqueous solution acid fuchsin were added 
drops the bacterial suspension. Much less the dye than 
this would doubtless have sufficed. The dilution used gave constant 
results and since selective activity was being studied exact quantitative 
determinations were unnecessary. Gentian violet exhibits its se- 
lective activity the stain applied room temperature. But 
have shown that slight increases temperature greatly augment the 
bacteriostatic effect For this reason the experiments with 
acid fuchsin were done 45°C. exposure this dye room 
temperature sufficient bring out its reverse selective activity 
but slight increase temperature makes sharper and quicker. 

Fig. represents experiment the sort just described, done 
with acid fuchsin (a) and magenta The organisms used were 


Churchman, W., Bull. Johns Hopkins Hosp., 1922, 227. 

Magenta basic triphenylmethane dye similar chemical structure 
gentian violet and possessing normal selective bacteriostatic activity. The 
reason that magenta rather than gentian violet was used these experiments will 
made clear discussing the chemical significance the observations. The 
result the experiment exactly the same whether magenta gentian violet 
used. However, since the latter absolutely constant its behavior it, 
rather than magenta, whose action may vary slightly, should used for the kind 
isolation experiment here described. 
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Bacillus and Bacillus anthracis. will seen that the selective 
activity acid fuchsin, which kills Bacillus coli and spares Bacillus 
anthracis, the reverse that magenta, which kills Bacillus 
anthracis and spares Bacillus coli. Identical results were obtained 
study all the other organisms mentioned above. 

One should, therefore, able isolate, from mixture the 
commoner Gram-negative bacteria and the commoner Gram-positive 
spore bearers, either organism desired, exposing the mixture 
magenta acid fuchsin. This can, matter fact, readily 
done. Fig. represents such experiment. The plate shown 
Fig. has been stroked with mixture Bacillus prodigiosus and 
Bacillus megatherium which has been exposed magenta; the Gram- 
positives have been killed and pure culture Bacillus prodigiosus 
results. The plate shown Fig. has been stroked with the same 
mixture after exposure acid fuchsin; Bacillus prodigiosus has been 
killed and pure culture Bacillus megatherium results. photo- 
micrograph smear from the mixture used shown 
smear from the plate Fig. shown Fig. and one from that 
Fig. Fig. The purity the two cultures evident. 

The experiments described above were done with the ordinary 


acid fuchsin which acid sodium salt having the formula shown 
below. 


NH, 


order sure that the reverse selective activity was not due 
the sodium the experiments were repeated, with the trisulfonic 
acid salt which contains three free groups and 
sodium. This has the following formula. 


indebted the Will Corporation Rochester, Y., for preparing this 
and other substances used the experiments and its treasurer, Mr. Will, 
for putting disposal the service the Corporation’s chemists and for much 
valuable personal advice. 
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CH; 


NH, 


This substance had the same selective activity the sodium salt. 
The activity the ordinary acid fuchsin not, therefore, due 


sodium. 


Reverse Selective Activity Allied Sulfonated Substances. 


the formulas acid fuchsin, its sodium-free form, and magenta 
compared will seen that they differ only the presence, 
the acid fuchsin molecule, SO; groups. 


Acid fuchsin (sodium-free). Magenta. 


NH, 
NH, 


Indeed magenta, basic fuchsin, was manufactured before acid 
fuchsin was known and acid fuchsin was prepared from simple 
process sulfonation. Since the two dyes are, with the exception 
the SO; groups, identical, and since they have, far the spore- 
bearing aerobes and Gram-negative organisms are concerned, exactly 
opposite effects, was natural inquire whether the SO; radical 
was responsible for the reverse selective activity acid fuchsin. 
This subject was investigated study the action bacteria 
allied substances containing sulfonic acid groups. 


3 H,N— OH —NH, 
SO;H 
3 3 
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Sulfanilic 


This substance behaves, the respects under discussion, exactly 
like acid fuchsin. experiment contrasting the behavior Bacillus 
prodigiosus and Bacillus toward sulfanilic acid with 
their behavior toward gentian violet shown Sulfanilic 
acid (Fig. has killed the Gram-negatives and spared the Gram- 
positives; gentian violet has done the reverse (Fig. And the 
following substances behave similarly. 

Chromotropic Acid.— 


HO; 


Sodium 


Sodium Phenolsulfonate.— 


Ethylsulfonic Acid.— 


the results just cited taken together the temptation strong 
interpret the reverse selective activity due the presence, 
the substances mentioned, the SO; group. Such diagram that 
represented below (some the sulfonated substances studied have 
been omitted from the diagram account lack space; all 
were represented the implication would even clearer) suggests 


O—Na 
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this possibility strongly. particularly interesting accept 
this hypothesis for the moment and remember that addition 
the sulfonic acid groups not only makes the basic triphenylmethanes 
more toxic for Gram-negatives but less toxic for Gram-positive spore- 
bearing aerobes. general impression obtains, based considerable 
experimental evidence, that the addition SO; radicals greatly di- 
minishes the toxicity substances which injure protozoa. these 
facts taken together might they not indicate that the spore- 
bearing aerobes are chemically more nearly related protozoa than 
Gram-negatives are? 


Acid fuchsin Sulfanilic acid 
CH; 
NaO;S— SO:Na 
2 
VA 
HO; \ 
Chromotropic acid Ethylsulfonic acid 


Diagram show the selective affinity the group for the Gram-negative 
bacteria. The rod which the dotted lines converge represents Gram-negative 
bacteria, which are all the substances whose structural formulas are 
given. The only radical common all these the group. 


Whether the phenomena noted due specific chemical affinities 
not seems impossible escape the conclusion that the presence 
the SO; radical acid fuchsin and related substances intimately 
concerned with the reversal their selective activity. But there 
may well other radicals which behave similarly. For example, 
ethyl sulfate acts like the substances mentioned, 
also ponceau (an acid dye wholly unrelated chemical struc- 
ture acid fuchsin) and saturated sodium chloride. 
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Parallelism between Bacteriostatic and Bactericidal Properties. 


has been shown previous publications‘ that gentian violet 
behaves exactly the same way toward bacteria whether the or- 
ganisms stained with before planting them plain agar, 
the dye present the media which they are planted unstained. 
Gram-negatives stained with gentian violet they are unaffected; 
Gram-positives stained they are killed. Similarly, Gram-nega- 
tives will grow well media containing the dye; Gram-positives 
will not grow when present even small amounts. The natural 
assumption was that bacteriostatic and bactericidal properties always 
run parallel. This assumption generally accepted that the 
bactericidal properties substances are usually tested the labora- 
tory experiments which really test only bacteriostasis. 
chemical found prevent the growth bacterial species 
taken for granted that will kill the organism. The experiments 
with acid fuchsin not only prove that this means the case, 
but they also show that, regards the selective feature, bacteriostatic 
and bactericidal properties may the exact reverse each other. 
Acid fuchsin, for example, kills Gram-negatives and spares Gram- 
positive spore-bearing aerobes; but when present the media 
which they are planted, unstained, instead inhibiting the Gram- 
negatives and being without effect the Gram-positives does just 
the opposite, sparing the Gram-negatives and inhibiting the Gram- 
positives. behaves media, that say, just gentian violet 
does, though from the experiments described above should expect 
behave opposite fashion. substance, therefore, which 
organism, when added directly it, may have little power 
inhibit its growth, when present the environment which 
growing. significance these observations for the laboratory 
studies chemotherapy obvious, but its discussion reserved for 
subsequent publication. 


Explanation the Reverse Selective Activity Acid Fuchsin and Allied 
Sulfonated Substances. 


simplest explanation for the behavior 
gentian violet and acid fuchsin toward bacteria that the whole 


Churchman, W., Exp. Med., 1912, xvi, 221. 
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process simply one selective penetration. long only the 
facts gentian violet were known there was much said for 
this hypothesis. Gentian violet certainly penetrates Gram-posi- 
tives, which kills, more readily than Gram-negatives, which 
does not kill—penetrates, that say, the living organisms, for 
tests its staining power fixed smears are value this 
connection. But the observation the reverse selective action 
acid fuchsin together with certain other facts proves that penetration 
least not the whole explanation. 

(a) Gentian violet kills spores although penetrates them little 
all. 

true that gentian violet penetrates Gram-positives more 
readily than does Gram-negatives. But longer exposure 
may made penetrate the latter and these organisms grow even 
when deeply stained. This may proven beyond question pick- 
ing out deeply stained Gram-negatives the Barber single cell 
technique and planting them plain agar. 

(c) While gentian violet is, under the ordinary conditions experi- 
ment, non-toxic for Gram-negatives may made toxic for them 
slight increases temperature although impossible demon- 
strate that they are any more deeply stained than the organisms ex- 
posed the dye room temperature. 

(d) Acid fuchsin also penetrates Gram-positive spore bearers 
almost readily does Gram-negatives. Yet kills the latter 
and spares the former. 

(e) Penetration does not, therefore, entirely account for the be- 
havior these dyes unless interpret penetration mean, not 
merely arrival the dye within the bacterial membrane, but its 
arrival some particular portion the bacterial body concerned 
with reproduction—a procedure which could not made out with 
the microscope and which difficult separate thought from 
chemical affinity. must, however, remembered that when 
speak penetration dye usually think penetration the 
colored portion the dye since this the only portion can see. 
might well that the effective portion the acid fuchsin mole- 
cule (let say the SO; radical) penetrates Gram-negatives readily 
and kills them even they are not stained, that penetrated 
the visible portion the dye. 
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Chemical the reverse selective activity acid 
fuchsin some way connected with the SO; radical its molecule 
strongly suggested the experiments. The action might depend 
not much the presence the sulfonic group the method 
its bonding, though exhibited substances like chromotropic 
acid, which the SO; group firmly attached, well substances 
like sulfonic acid, which the bonding very weak. 

is, however, well known that physical chemists are moving away 
from the ready explanation phenomena this sort purely 
chemical basis and are tending more and more regard them 
physical nature. 

Method method ionization the two 
groups dyes whose action has been studied may explain their be- 
havior. suggestive that one group basic and the other acid. 
this kind explanation the correct one must that Gram- 
positive spore bearers and Gram-negatives differ their ion con- 
centration. question now under investigation. new avenue 
approach seems have been opened for study the cause 
the fundamental difference between Gram-negative and Gram- 
positive organisms. 


SUMMARY. 


Acid fuchsin possesses bactericidal power, selective between 
Gram-negative and Gram-positive spore-bearing aerobic organisms. 
The selective feature the reverse that gentian violet. 

This reverse selective activity also possessed simpler sul- 
substances and would appear dependent some way 
the presence radicals. 

Selective penetration, all concerned the behavior gentian 
violet and acid fuchsin toward bacteria, must play very minor 

the case gentian violet the power kill organisms and the 
power prevent their growth run, far the selective feature 
concerned, parallel. the case acid fuchsin, the bacteriostatic 
selective features not run parallel. 

Bacillus pyocyaneus, organism resistant gentian violet, 
quite susceptible acid fuchsin. This organism the cause 
annoying and persistent infections wounds. The observations 
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the effect the sulfonated substances may give lead the 
control these infections. 


EXPLANATION PLATES. 


reverse that magenta (b). The former has killed the Gram-negative coli, 
and spared the Gram-positive spore-bearing anthracis; the latter has done just 
the reverse. unstained coli, for control; C’, stained coli; An, unstained 
anthracis, for control; and stained anthracis. 

Fic. and Showing how either two organisms may isolated 
purity from mixture Gram-negative bacteria and Gram-positive spore bearers 
exposure the mixture magenta acid fuchsin previous making the 
plants. (a) Plate stroked with mixture prodigiosus and megatherium 
which has been exposed magenta; pure culture prodigiosus results. 
(b) Plate stroked with the same mixture after exposure acid fuchsin; pure 


PLATE 


Fic. Smear show the mixture megatherium and prodigiosus used 
the experiment represented Fig. 
Fic. Smear from Fig. showing pure culture prodigiosus. 


PLATE 


Fic. Smear from Fig. showing pure culture megatherium. The 
shadowy background consists spores. 

Fic. Showing that sulfanilic acid has the same reverse selective action 
acid fuchsin. Cf. Fig. Experiment done with sulfanilic acid (which has 
killed Gram-negative prodigiosus and spared Gram-positive spore-bearing 
megatherium) and with gentian violet (which has killed megatherium 
and spared prodigiosus). untreated prodigiosus, for control; P’, treated 
prodigiosus; untreated megatherium, for control; and treated 
megatherium. 


PLATE 
Fic. and Showing that the selective action acid fuchsin (a) the 
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METHOD FOR THE PERMANENT STERILE DRAINAGE 
INTRAABDOMINAL DUCTS, APPLIED 
THE COMMON DUCT. 


PEYTON ROUS, M.D., anp PHILIP McMASTER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


PLATE 


(Received for publication, July 28, 1922.) 


There have been many attempts maintain rubber tubes con- 
nection with the common ducts animals for the purpose bile 
collection over considerable periods time. They have been 
uniformly unsuccessful warrant the axiom that such tubes will 
come away within few days. This has regularly proved the case 
our experience until recently when, happening leave within the peri- 
toneal cavity longer portion the tube than usual, found 
firmly fixed place although nearly weeks had elapsed. sign 
was present ascending infection along the rubber with destruction 
the duct wall next the cannula, which had previously terminated 
the observations. Instead, the tube was thinly but closely sheathed 
omentum which met and joined the common duct, that the 
entire collecting apparatus was covered. Elsewhere throughout the 
peritoneal cavity there were adhesions. Acting the suggestion 
thus presented, have developed method whereby the total bile 
may collected sterile state day after day, during months cer- 
tainly and probably during years. The method will described 
some length, since obviously has wider application than that for 
which was devised. 

The need for exact means bile collection in- 
dicated the fact that major problems connection with the bile 
output which were first formulated nearly three ago are 
this day still unsettled. 


STERILE DRAINAGE INTRAABDOMINAL DUCTS 


Schwann! devised 1841 the fistula method that still employed routine 
studies the bile. With its aid much has been learnt the relation the 
secretion body processes. The operation required nowadays simple, mere 
severance and ligation the common duct and cholecystostomy through 
separate wound; but the after-care the animals and the attention required 
one obtain useful specimens have become less the years since Bidder 
and published their classical observations fistula bile. Furthermore 
there are natural limitations the method which can scarcely overcome. 
hour specimens are difficult obtain unless the animal suspended 
sling. true, succeeded keeping tube the fistula wound for 
more than year two dogs collecting the bile from day 
day into bag suspended the neck; but few have attempted repeat his feat. 
The fistulous opening the abdominal wall often pressed shut contraction 
the abdominal muscles, that scar tissue, with resulting intermittent obstruc- 
tion and not infrequently reopening the passage the intestine, Schwann 
himself noted. Usually there and more less copious secre- 
tion from the ducts mingles with the bile; while the gall bladder remain normal 
cannot but exert marked influence the fluid coursing through 

the less used methods bile collection, that devised has given 
highly significant results. was designed primarily show the relation 
feeding the delivery bile into the intestine, and has most value this con- 
nection. flap duodenal wall containing the ampulla Vater reflected, 
sewn fast the skin surface, and the opening the duodenum isclosed. The 
bile flow may then directly observed. Pearce and have suggested 
that the bile diverted into the urine anastomosis the common duct with 
ureter. And recently has connected the common duct directly with the 
body surface two stage operation. reports that the fistula less likely 
close than that cholecystostomy. 


Method. 


The success our method lies, already indicated, the inter- 
polation, with special care for asepsis, long drainage tube between 


T., Arch. Anat. Physiol., 1844, No. 127. 

Bidder, F., and Schmidt, C., Die und der 
Milan and Leipsic, 1852. 

A., Arch. 1890, ii, series 714, 800. 

F., and Whipple, H., Biol. Chem., 1922, 513. 

Rous, P., and McMaster, D., Exp. Med., 1921, xxxiv, 47. 

Pawlow, P., Arch. Physiol., 1887, 452, cited Langendorff, O., Ergebn. 
1902, pt. 272. 

M., and Eisenbrey, B., Am. Physiol., 1913, xxxii, 417. 

Lab. and Clin. Med., 1921-22, vii, 84. 
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the common duct and the opening the abdominal wall. The tube 
must pliable near the cannula, else this latter may pushed askew 


through leverage exerted the viscera, with obstruction result; 
and must resistant where passes the abdominal wall sustain 
muscular contraction. gain these ends curved glass tube 


) 


STERILE DRAINAGE INTRAABDOMINAL DUCTS 


(Text-fig. employed with, one limb, the soft black rubber 
tubing that connects with the cannula, and, the other, piece red 
duodenal tubing that pass through the abdominal wall. The 


entire rubber and glass should long the abdominal cavity 


will readily cm. large animal. 


With view the removal irritating substances from the surface the 
rubber, have boiled weak solution sodium bicarbonate, soaked 
weak hydrochloric acid, and washed well water prior autoclaving twice. 
The cannula (d) connecting with the duct (c) should large the latter 
will admit, and blunt ended, with but slight constriction the shank. 

The skin the dog swabbed with iodine followed alcohol, and, under 
ether, the common duct and gall bladder are exposed right rectus incision. 
The duct tied off once near the intestine minimize the possibility infec- 
tion from this source during the later manipulations; the neck the gall bladder 
(b) severed between ligatures placed far down possible exclude 
all bladder mucosa from the duct tract, and the contents the organ removed 
aspiration, with closure the needle hole purse-string suture. All 
now ready for connection the collecting apparatus. ligature laid, but 
not tied, about the duct just above where opened. With the aid 
long forceps the U-tube with cannula attached lifted out the flask water 
which has been sterilized. doing, the black rubber tube should 
firmly seized just back the cannula close its lumen, else the water within 
will run out and replaced air dubious sterility. the tube comes from 
the flask, its other end closed with bulldog clamp; and the whole once 
enveloped moist, twice sterilized gauze. The duct cut; the cannula intro- 
duced into without touching the surrounding structures; and the ligature 
already place tied down and supplemented with another. Medium silk 
better for the purpose than fine, having less tendency cut through. The 
common duct should now severed below the cannula and the lower end pulled 
away from this latter lessen the danger reconstitution the original chan- 
nel the intestine, should obstruction accidentally occur. 

bring the tube out through the abdominal wall, small stab wound 
made with cataract knife obliquely through the tissues just below the rib 
margin the mammary line; sharp-nosed artery forceps thrust through into 
the abdominal cavity and the end the tubing pulled forth. The stab wound 
should small enough hug the tubing closely. The now adjusted 
that the bend lies well down toward the pelvic basin; the laparotomy opening 
closed three layers; and dressing wet per cent alcohol applied. 
Over the stab wound there should only small dry sponge split encircle the 
tubing and dusted with powdered boracic acid. 

The free end the drainage tube now connected with rubber bag. This 
bag rubber balloon 150 300 cc. capacity the unstretched state, has 
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been subjected the same sterilization the U-tube. During the process 
likely burst unless kept deflated wrapping gauze. there has 
previously been joined short length tubing with small glass the end 
the stem which bears another piece tubing the eventual outlet tube. 
The same care taken prevent the entrance air removal the apparatus 
from the sterilization flask the case the drainage tube. Clamps are now 
placed the tubing close the and this latter filled with per cent phenol 
solution. also the free end the drainage tube which then slipped 
over the open limb the and tied on. Prior removal the clamp from 
the drainage tube, the bag should emptied through the outlet tube any water 
may contain. Afterward the end the outlet plugged with cotton wet 
with phenol solution and covered with sponge similarly moistened. Ordinary 
paper clips wire hold the sponge place and press the tube shut. 

Care required the adjustment the dressings during the first few days 
prevent obstruction from twist elbow the tubing. The sponge where 
this latter emerges from the skin should changed daily throughout the life 
the animal. Given such care the opening will usually remain practically dry 
even for months, without loosening around the tube any formation granu- 
lation tissue (Figs. and 2); but lacking it, infection soon ensues, with gaping 
the opening and seepage thin pus. The laparotomy wound usually heals 
first intention. Nevertheless binder muslin should kept perma- 
nently, which the T-tube moored with adhesive, also rattan basket 
hold the collecting balloon. This basket, oval and shallow, should large 
enough contain all the drainage apparatus and should fixed against the 
side the animal over the stab wound. The high situation this latter makes 
possible the use male well female animals. The end the outlet tube 
brought out between the basket edge and the skin. many-tailed bandage 
put over all, and snug canvas binder. saddle adhesive plaster over the 
hair the back prevents slipping the binders and provides fixed points from 
which the basket swung. 

Once each hours the binders are removed, the balloon emptied, the outlet 
tube plugged again, wrapped gauze, and the abdominal opening dressed. 
While the emptying goes on, clamp should placed the drainage tube 
between and fend pressure from the duct system when the balloon squeezed. 
The whole operation requires only few minutes. 

Lively animals repeatedly rolling over time when the balloon contains 
bile will sometimes cause twist within the basket and thus produce tempo- 
rary obstruction. For this reason, balloons flattened are preferable 
the round. They may held from turning garter clasp attached one 
side with adhesive and slipped over button the basket rim. 


STERILE DRAINAGE INTRAABDOMINAL DUCTS 


RESULTS. 


Thus far have collected bile the method from seventeen dogs 
during periods ranging months. When kept mixed diet 
bread and cooked meat, the animals remain robust health (Figs. 
and 4), save for the development mild anemia later re- 
ported upon. only one case has there been ascending infection 
along the tube with release the cannula from the duct; and this 
instance the animal had got its bandages off some days previously 
and pulled much the tube out, opening and infecting the bile. 
Twice the cannula slipped out the duct end and was displaced 
cm., because loosened ligatures, but the tube omentum was 
already well developed when this occurred that the drainage bile 
continued unaffected for some weeks, when cicatricial contraction oc- 
cluded the short channel the tissues and caused total obstruction. 
The general failure infection spread upward from the skin surface 
the more remarkable because several our early experiments the 
laparotomy and stab wounds became markedly purulent. Sometimes 
broad washer rubber had been placed around the drainage tube 
just within the peritoneal cavity, fix place, and this washer 
was autopsy always found surrounded pus and encased 
massive adhesions. Yet the omental sheath further along the 
rubber tube was regularly thin and uninflamed, with smooth and 
glistening inner surface. Most interesting was the nature the con- 
nection developed between duct and cannula after the collecting ap- 
paratus had been place for some weeks. was longer union 
ligatures but thin tube scar tissue joining with the duct 
and closely embracing the cannula. Only when was cut through 
were the ligatures found, lying free and loose next the glass. 
closely did the scar tissue hug this latter that even the pressure from 
total biliary obstruction produced clamping the drainage tube 
caused leak extension bile along the cannula until several 
days least had elapsed. Then some instances bile penetrated 
between the tube and omental sheath with eventual rupture 
the latter and bile peritonitis. 

Cultures the bile were made daily bouillon and agar plates; 
and the sediment centrifugated specimens that appeared sterile 
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was intervals stained and searched. Infection the fluid oc- 
curred sooner later the seventeen dogs, though always 
with pure cultures organisms that behaved harmless saprophytes. 
three the instances mentioned, the infection resulted from damage 
the collecting system the animal. The circumstances under 
which developed most the others are suggestive infection 
through the blood stream. Once was terminal dog that yielded 
sterile bile for months before dying intestinal obstruction; once 
appeared association with the prostration severe bronchitis; 
another case developed immediately after hard exercise 
treadmill; and twice came early association with purulent lapa- 
rotomy wound. incline the belief that the remaining two in- 
stances careless handling the outlet tube was responsible for 
the contamination. Certainly most dogs good condition and with 
well healed abdominal wounds will found yield week and week 
out bile that sterile. 

With drainage the bile carried described, there danger 
reopening the pathway the intestine unless obstruction 
occurs. And our experience has not happened even then. 
instances without obstruction, the bile passages remain normal 
and narrow; while obstructed ones there are the findings characteris- 
tic stasis without infection pathogenic organisms. causes 
eventual obstruction have been encountered—the cicatricial 
contraction already mentioned that follows upon slipping the 
cannula, which interfered twice; and calculus formation the 
cannula, which thrice led after some weeks complete biliary 
stasis. the other twelve instances bile secretion and collection 
continued over long periods until terminated accident, inter- 
current disease, the investigative needs. 

Obstruction the neck the normal gall bladder known 
followed gradual lessening size the organ which after time 
contains merely little pale, semisolid This was the regular 
finding our animals. 

The amount bile present the tube system and not evacuated 
when the balloon emptied—between and cc. our experiments— 
had, course, taken into account the quantitative work. 


cited Aschoff and Bacmeister, who confirm the observation 
(Aschoff, L., and Bacmeister, A., Die Cholelithiasis, Jena, 1909). 


STERILE DRAINAGE INTRAABDOMINAL DUCTS 


DISCUSSION. 


The original bile fistula operation Schwann! was devised him 
determine whether bile essential life. And the results the 
operation led him conclude that this was the case. Later observa- 
tions with animals fed fat-free diet have made the point debatable. 
animals were still vigorous the end year. But, 
Hooper and well point out with regard similar findings 
human beings with bile fistulas, there certainty that some bile 
did not reach the intestine, since autopsy findings are not available. 
These latter authors hold that the presence very little bile the 
intestinal tract dogs suffices for good health; but that total absence 
not withstood, unless diet which includes liver fed, and 
even then the animals become sparely nourished. Our first dogs 
did indeed lose weight rapidly, and this despite liver feeding. But 
proportion the method drainage has been perfected, has the 
condition the animals bettered; and now certain that dogs 
mixed diet that poor fat and includes liver remain vigorous and 
keep their weight during many weeks, though totally deprived bile 
(Figs. and 4). Practically always, though, already stated, 
moderate anemia develops early, with gradual and imperfect recovery 
later on. The cause the blood changes will the subject 
later communication. 


SUMMARY. 


The sheath omentum that forms about long rubber tube left 
within the peritoneal cavity provides efficient barrier ascending 
infection that such tube can employed for the permanent drainage 
the common duct, whereas short tube will regularly come away 
after few days. method described whereby the total bile 
considerable number dogs has been obtained sterile state during 
periods months. Save for some anemia, the animals remained 
good health throughout. The method has obvious uses connec- 
tion with the collection other secretions. 


Hooper, W., and Whipple, H., Am. Physiol., 1916, xl, 332. 


a 
a 


PEYTON ROUS AND PHILIP McMASTER 


EXPLANATION PLATE 


Fic. The exit point drainage tube days after intubation, show 
the absence reaction. The white material and about the tube powdered 
boracic acid. 

Fic. The characteristic sheath enclosing the portion the drainage tube 
within the peritoneal cavity. The picture shows the point which the tube 
passes through the parietal peritoneum. From animal killed days after 
the intubation. 

Fies. and Dogs with the collecting apparatus place. The photographs, 
taken days after operation, show the good general condition the animals, 
and the freedom motion permitted the apparatus. 
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THE INTESTINAL FLORA MOUSE TYPHOID 
INFECTION. 


LESLIE WEBSTER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, July 21, 1922.) 


During study mouse typhoid caused strain Bacillus 
pestis was found that the course well 
among any series mice receiving the bacilli artificially mouth? 
certain number proved refractory infection. The mere presence 
the organism, then, not sufficient every case induce mouse 
typhoid; other factors, properly related the specific agent, are 
necessary. Consequently, the first step analysis these 
factors, studied the intestinal flora laboratory mice detect, 
possible, variation flora associated with different degrees 
infectivity, well any alteration the normal flora following 
ingestion the pathogenic bacilli. 


Technique. 


The mice employed were obtained from the stock breeding room. 
The regular diet bread and milk was continued. Various quantita- 
tive methods for determining the intestinal flora led the following 
technique. 

Stool the mouse, held the usual way, hours 
after feeding, was rubbed gently the abdomen, the feces were 
voided. was then possible transfer specimen sterile mortar 
with platinum loop without fear contamination. emulsion 
was made with cc. saline and from this, subsequent higher dilu- 
tions were prepared. was found impracticable weigh the feces, 
all counts are rough approximations the total number bacteria 
actually present. They show accurately, however, the numerical 
ratio between various species bacteria present any given stool. 


Amoss, L., Exp. Med., 1922, xxxvi, 25, 45. 
Webster, T., Exp. Med., 1922, xxxvi, 71. 
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Intestinal mouse was asphyxiated with chloroform, 
opened, and the intestines removed sterile Petri dish. Approxi- 
mately cm. each duodenum, ileum, cecum, colon, and sigmoid 
was then sectioned, slit longitudinally, and placed with sterile instru- 
ments test-tube containing cc. saline and few glass beads. 

After thorough mixing, subsequent higher dilutions were prepared 
from these emulsions. attempt was made choose sections 
intestine containing similar amounts fecal material, but this 
variable and the uncertainty the standard section cm. make 
the rough total estimates only value showing the numerical 
ratio between the various species bacteria present small and 
large intestine. 


Determination the Normal Flora. 


For preliminary survey the flora, stool cultures from normal 
mice were examined, well intestinal autopsy cultures from eight 
normal mice. Optimum media for general use were determined and 
there was gained general insight into the species bacteria asso- 
ciated with the intestinal tract. 

Primary inoculation fecal suspensions into plain 
broth, dextrose broth, dextrose broth fermentation tubes, and milk, 
hydrogen ion concentrations from was tried with sub- 
cultures varying intervals time, plates plain agar, dextrose 
and lactose agar, agar with and without brilliant green 
gentian violet. specificity inhibition phenomena proved 
sharp enough for practical use this work. Therefore, subsequently, 
the suspensions, various dilutions, were streaked directly agar 
plates, 7.4, containing 0.5 per cent dextrose, and incubated 
hours. hour broth cultures picked from these plates were then 
examined microscopically and subcultured into semisolid carbohydrate 
media, lead acetate broth, litmus milk, gelatin, and media for the 
indole and Vosges-Proskauer reactions. Cultures falling into the Sal- 
monella group were titrated against serum prepared from the stock 
mouse strain Bacillus pestis cavie. The identity each 
colony, therefore, was based upon the above technique. While 
realized that, for most exact identification, this procedure should 
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repeated least twice for each strain, the frequent recurrence 
species and the large amount material examined made any 
such refinement method impracticable and unnecessary. 

For the cultivation anaerobes, kidney ascitic fluid 
potato cooked meat and glucose blood agar plates 
were used. Non-spore-bearing anaerobes were not isolated. Since 
direct plating did not yield good results primary incuba- 
tion, each suspension was inoculated into meat medium, incubated 
days, heated minutes 80°C., inoculated into potato medium, 
incubated days, and then plated. Numerical estimation was not 
possible this method. The plates were incubated days Brown 
anaerobe colonies were seeded potato media, and after 
hours, the pure cultures were examined microscopically and transferred 
inspissated serum, litmus milk, and peptone carbohydrate media 
for identification. 

From the above mice, the following microorganisms were 
recognized. Spirochetal forms and vibrios were abundant direct 
smears from cecum and colon; Trichomonas was occasionally 
seen direct smears from the cecum; yeasts, variable number, 
were usually present. Cocci, white and yellow, some which 
liquefied gelatin, were present small numbers, usually the 
upper part the intestinal tract. The following Gram-positive 
bacilli were isolated. Bacillus acidophilus and aerobic colonies 
bifidus were invariably found; Bacillus lactis Bacillus 
cereus, Bacillus subtilis, and Bacillus siccus were occasionally present. 
Gram-negative bacilli were identified follows: Bacillus coli com- 
munis, Bacillus coli communior, and Bacillus were 
frequently found; Bacillus alkaligenes, lactis aerogenes, and 
Bacillus neapolitanus were occasionally present. One colony belong- 
ing the Salmonella group was seen. Spore-bearing anaerobes were 
rarely found normal stools. Bacillus bifidus was invariably present, 


Gates, L., and Olitsky, K., Exp. Med., 1921, 51. 

Avery, T., and Morgan, J., Proc. Soc. Exp. Biol. and Med., 1921-22, 

Robertson, M., Path. and Bact., 1915-16, xx, 327. 

Brown, H., Exp. Med., 1921, xxxiii, 677. 

H., Morphol., 1921, xxxvi, 119. 
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TABLE 
Smear. 
Tleum. 125 720,000 1,500 
1:500; 
Colon. 500 390, 000 7,500 
1:50; 
Sigmoid. 500 400 ,000 7,500 
1:50; 


Aerobic colonies only. 

coli communis, coli communior, and acidi lactici. 

These same dilutions were employed for each animal. 

The figures indicate the number colonies per cc. original emulsion. 

The dashes indicate less than 500 colonies per cc. original emulsion 
according dilution. 
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TABLE I—Concluded. 


Smear. 
Tleum. 1,500 10,000 250 
Tleum. 2,000 12,500 350 
Sigmoid. 1,000 700 ,000 


Bacillus was occasionally seen, and rarely few unidentified 
Gram-negative forms grew out the anaerobic plates. 

This list protozoa and bacteria misleading unless the various 
species are related numerical data. The following quantitative 
method brought out sharply the predominating types and gave 
more simple indication the flora. 

Eight mice, months old, fed bread and milk diet, were 
autopsied the technique described above. Cultures were taken 
from duodenum, ileum, cecum, colon, and sigmoid. Suspensions were 
then diluted sufficiently give discrete colonies the various plates: 
duodenal and ileal contents 1:5 and 1:50, cecal contents 1:500 and 
1:5,000, and colon and sigmoid contents 1:50 and 1:500. This 
method, while eliminating entirely organisms present very small 
numbers, gave striking and characteristic plates. 

From Table may seen that the predominating organisms 
the intestinal tract white mice fed bread and milk diet are 
(1) spirochetes, vibrios, and yeasts, most plentiful the cecum; 
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(2) micrococci, usually white, liquefying and non-liquefying, distrib- 
uted small numbers throughout the intestine; (3) the colon group, 
consisting Bacillus coli communis, Bacillus coli communior, and 
Bacillus acidi lactici, more frequent than the cocci, most plentiful 
the lower bowel; and Bacillus acidophilus and Bacillus bifidus, 
invariably present, considerably outnumbering all 
throughout the intestinal tract. 


Intestinal Flora and Infectivity. 


Having gained this general knowledge the normal flora, were 
then able study its mouse typhoid infection. 


Experiment.—Thirty-three mice, weighing approximately gm. each, were 
divided into Series and and placed two separate cages. Series (sixteen 
mice) was continued the usual bread and milk diet for days; Series (seven- 
teen mice) was fed, for days, raw beef muscle and water. the 6th day 
each the thirty-three mice was placed separate jar and stool cultures were 
taken (Table II). the 7th day the animals Series were given stomach 
tube 0.5 cc. hour broth culture pestis cavie diluted 1:100; sixteen 
Series received the same treatment; No. Series was reserved control. 
The bread and milk diet was continued and administered daily Series through- 
out the duration the experiment (60 days) while eight Series were changed 
from the meat diet bread and milk days after inoculation and the remaining 
eight Series were changed bread and milk diet days after inoculation. 
Stool cultures were taken Series short intervals during the days 
Table compares the flore Series and fed bread and 
milk and meat diets respectively. Table gives the protocols Series and 
Text-fig. compares the duration life Series and 


From Table apparent that the mice fed bread and milk 
showed flore which Bacillus acidophilus was the predominating 
organism, far outnumbering the colon group, and that when the diet 
was changed meat and water, the changed character almost 
immediately. The Gram-negativé bacilli increased rapidly and 
became the predominating group, with numerous putrefactive, pro- 
tein-splitting, and liquefying organisms evident. Bacillus welchii 
was usually present. acidophilus was greatly reduced 
number and was frequently absent. Table does not show this 
contrast such extreme form two duplicate series which were 
fed raw meat for longer period time. 
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Text-fig. shows striking difference the course disease 
duration life the two series and B). Animals with the 


TABLE 
Effect Diet Intestinal Flora. 


Series Series 
acidoph- acidoph- 

(aerobic). (aerobic). 
0.5 1.0 1.0 2.0 4.5 


communis, coli communior, neapoliianus, and diffluens. 

The dashes indicate less than 500 colonies per cc. original emulsion. 

The figures indicate the number colonies expressed millions per cc. 
original emulsion. 


Per cent total No. dead 
otf 
© 
| 


Days after injection 


Comparison the duration life the mice Series and 


TABLE 


Protocols Series 
days 
0.2 0.05 0.04 
+(?) +(?) +(?) 


The dashes indicate less than 500 colonies per cc. original emulsion. 


The figures indicate the number colonies expressed millions per cc. 
original emulsion. 

indicates dead, survived. 

Autopsy lesions typical mouse typhoid. 

Heart’s blood culture positive. 


3 
3 
4 
Be 
4 


LESLIE WEBSTER 


TABLE 


days 
0.1 0.0001 0.001 
0.5 2.0 0.005 
+(?) +(?) +(?) 
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TABLE 


days 
+(?) +(?) +(?) +(?) 
0.05 10.0 0.04 
6.001 0.1 0.1 0.001 
0.005 0.2 0.005 
+(?) +(?) +(?) 


acidophilus flora were susceptible the dose mouse typhoid 
bacilli were the animals with colon and putrefactive flora. Two 
repetitions this experiment gave similar results. 
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Finally, the protocols Series (Table may seen that 
the surviving mice showed the same those the susceptible 
mice which succumbed the infection after varying intervals time. 
additional series control mice, numbering about all, this 
same fact was constantly observed. 


DISCUSSION. 


Metchnikoff and his collaborators, studying the the in- 
testinal flora, were impressed the small numbers and few species 
microbes inhabiting the gastrointestinal tract mice and 
Change flora following change diet was also emphasized 
and Cheplin“ who showed that rats, dogs, and man, the intestinal 
flora bears definite relation the diet the host, that lactose and 
dextrin have the power stimulating growth the aciduric bacteria, 
and that Bacillus acidophilus, administered per os, capable 
replacing the putrefactive and colon group. 

While these facts have been very generally recognized, little 
credence has attended doctrine orthobiosis, which 
stresses the importance putrefactive intestinal flora pre- 
disposing factor gastrointestinal infection, well many 
diseases old age. Direct experimental evidence for this hypothesis 
has been nevertheless, Rettger, attempting alter the 
flora this class diseases, and prophylactic measure, seems 
concede its 

Our experiments show that mice the intestinal flora plays 
part host susceptibility mouse typhoid infection and that 
does not affect the outcome this disease. 


Metchnikoff, Weinberg, Pozerski, Distaso, and Berthelot, Ann. Inst. Pasteur, 
1909, xxiii, 937. 

Ann. Inst. Pasteur, 1914, xxviii, 441. 

Gasperi, F., Bakt., Abt., Orig., 1911, 519. 

Belonovsky, J., Ann. Inst. Pasteur, 1907, xxi, 991. 

Distaso, A., and Schiller, J., Compt. rend. Soc. biol., 1914, pt. 179. 

Torrey, C., Med. Research, 1918-19, xxxix, 415. 

Rettger, F., and Cheplin, A., treatise the transformation the 
intestinal flora with special reference the implantation Bacillus acidophilus, 
New Haven and London, 1921. 

F., and Cheplin, Int. Med., 1922, xxix, 357. 
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CONCLUSIONS. 


The normal flora laboratory mice The Rockefeller Institute, 
fed bread and milk diet, was determined. acidophilus 
and Bacillus bifidus outnumber the Bacillus coli, Bacillus lactici, 
and Bacillus coli communior group about twenty-five one. White 
and yellow cocci which may may not liquefy gelatin are occasion- 
ally noted; spirochetal and vibrio forms and yeasts are usually seen 
stained preparations. This flora does not change when mice are 
artificially infected per with strain mouse typhoid bacilli 
(Bacillus pestis and the same the animals which resist 
the infection those which succumb. 

Mice fed meat diet and showing colon, Bacillus diffluens, 
and Bacillus flora not differ susceptibility mouse 
typhoid from the normal mice fed bread and milk and showing 
the above acidophilus flora. 
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BILE SENSITIZATION MOUSE TYPHOID 
INFECTION. 


LESLIE WEBSTER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, July 21, 1922.) 


Earlier papers have emphasized the fact that any series labora- 
tory mice certain number immune mouse 
explanation for this phenomenon was sought analysis the 
biological environment the normal portal entry the mouse 
typhoid bacilli, but was found that the intestinal flora played 
part susceptibility Attention was then directed 
the intestinal wall itself effort alter its permeability. Bes- 
redka, unable infect mice with typhoid and paratyphoid bacilli, 
given way the mouth, found that sterile bile, administered 
hours prior the culture organisms, rendered the animals 
susceptible Acting this information, administered 
bile mice before injecting them per with strain mouse 
typhoid bacilli (Bacillus pestis cavie) and endeavored discover and 
analyze any differences susceptibility between the animuls treated 
and the controls. 

The following experiment was devised ascertain the proper dose 
bile, the time for its administration, and the optimum interval 
before injecting the mice per with the living cultures. 


Experiment mice, weighing from gm. each, were treated 
follows: mice, called Series received per os, stomach tube, 0.5 cc. 
undiluted sterile bile; 18, called Series received 0.25 cc. bile made 
0.5 cc. volume salt solution; were used controls. Series and 
Series received the bile empty stomach were fed hours later; the 
remaining Series and Series bile hour after feeding. 


Webster, T., Exp. Med., 1922, xxxvi, 71. 
Webster, T., Exp. Med., 1923, xxxvii, 21. 
Besredka, A., Ann. Inst. Pasteur, 1918, xxxii, 193; 1919, xxxiii, 557, 882. 
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hours later, mice from Series which had ingested the bile full 
stomach, were dead; mice from Series which had received the bile empty 
stomach, had succumbed; the survivors Series were extremely sick with signs 
severe diarrhea. From Series none had succumbed but all showed evidence 
slight diarrhea. 

this time, mice Series which received the bile full stomach, 
were inoculated per os, stomach tube, with 1:200 dilution hour broth 
culture, taken from the stock agar slant; were injected the next day, hours 
after the bile treatment; were used controls. mice Series which had 
received the bile empty stomach, were given similar dose bacteria, 
were injected the next day, and were used controls. the same manner, 
mice Series were injected hours and hours after the bile treatment, 
while were saved for controls. The original controls were similarly injected. 
Table shows the division mice and subsequent series events. 


Per cent total No.dead 
a 


Days injection 


Experiment Comparison the mortality curves the 
mice Series and 


From this preliminary experiment was concluded that 0.25 cc. 
bile per mouse was maximum dose, that the bile might ad- 
ministered full empty stomach, and that the mouse might 
injected hours after the bile treatment, without grossly 
altering the course disease. 


Experiment mice, averaging gm., were placed separate jars 
and stool cultures were taken. The next day, mice (Series received per 
mice and the remaining controls (Series received per 1:200 dilution 
hour broth culture pestis cavie taken from the stock tube. mice 
from Series were saved The condition the animals was noted. 
Stool cultures and blood cultures were taken and the blood was examined for 
agglutinins short intervals. The technique for stool culturing has been de- 
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Blood cultures were made clipping the tail and expressing drops 
0.5 per cent dextrose agar plate. The technique used agglutination tests has 
been shows the protocols for each mouse and Text-fig. 
shows the mortality curves Series and 


This experiment shows that bile, administered doses large 
enough cause diarrhea, increases the susceptibility mice 
mouse typhoid infection slightly raising the death rate and shorten- 
ing somewhat the duration life the susceptible animals. 


DISCUSSION. 


The above observations are value interpreting the recent work 
Besredka intestinal immunity experimental typhoid, paraty- 
phoid, and dysentery infection. found that bile, given per 
laboratory animals, not only rendered them susceptible enteric 
infection this route but increased the efficacy gastrointestinal 
immunization against subsequent injection the homologous strain 
per intravenously. found that bile increased the sus- 
ceptibility mice mouse typhoid infection only when given 
maximum doses. then seemed raise the death rate and shorten 
the duration life the susceptible animals. 

According Besredka, bile injures the intestinal epithelium, allow- 
ing the pathogenic bacilli gain easy access the blood stream. And 
judging from the evident discomfort and diarrhea following bile 
ingestion our animals, seems quite probable that his interpreta- 
tion correct. But while host susceptibility typhoid infection 
may altered injury the intestinal epithelium, experiments 
far have failed justify his claim that all immunity typhoid, 
paratyphoid, and dysentery infection, natural acquired, localized 
the intestinal tract. the contrary, individual susceptibility® 
and acquired immunity mouse typhoid the intestinal 
wall but one factor general mechanism. 


CONCLUSION. 


Sterile bile, administered per maximum doses laboratory 
mice, tends increase their susceptibility mouse typhoid infection. 


Amoss, Exp. Med., 1922, xxxvi, 45. 
Webster, T., Exp. Med., 1923, xxxvii (in press). 
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the method described the brain stem nearly encircled 
ligature passed about through suitable openings made the skull. 
Its free ends emerge through the roof the mouth. When the liga- 
ture drawn down tightly against the floor the skull the brain 
stem severed and the vessels the base the brain are compressed. 
The only special instrument required drill made from steel rod, 
about mm. diameter and cm. long, mounted suitable 
handle; the end the rod flattened about mm., the edges are 
ground sharp, and the flattened end ground down, that sharp 
point, about mm. long left projecting the center the cutting 
edge, prevent slipping when the drill being forced through the 
bone. hole, large enough carry stout ligature, drilled through 
the flattened surface, near the tip. 

Procedure for Decerebrating animal anesthetized 
with chloroform ether and both carotids are clamped tied. 
Both parietal bones are exposed, and symmetrical trephine openings 
made, that the center each opening about cm. posterior 
the most prominent part the parietal eminence. The dura 
split for few millimeters each side, and separated carefully 
from the lateral wall the skull. The drill threaded with stout 
linen ligature and passed directly through the brain substance and 
falx, low enough avoid the sagittal sinus and far enough anterior 
clear the tentorium. emerges through the opposite opening 
the skull, freed the ligature, and withdrawn. 

One the projecting ends the ligature again threaded into 
the drill. then introduced between the dura and lateral skull 
wall, and its point allowed slip down along the tentorium, 
contact with the parietal bone. the base the skull comes 
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rest natural fossa, and, with the point fixed far out and far 
back possible, the drill forced through the base the skull. 
inclined slightly forward and inward, that emerges through 
the roof the mouth, slightly anterior the ramus the lower jaw. 
The ligature removed from the eye the drill and the drill 
withdrawn. 

The same procedure repeated the other side, leaving the ends 
the ligature free the mouth, with loop around the brain stem, 
that all that necessary produce the section draw the 
ligature down tightly and tie the mouth. The entire operation 
requires about minutes, and can readily performed one 
person without assistance. 

When done described, the section passes between the two pairs 
corpora quadrigemina, through the anterior part the posterior 
pair; the level the section determined the point which the 
ligature passes through the falx, the ligature sliding down along the 
tentorium when drawn tight. The only vessels damaged are 
the small arteries the brain stem, and possibly the lateral and pe- 
trosal sinuses; hemorrhage never severe enough require com- 
pression the vertebrals. The circle Willis lies below and anterior 
the ligature, and not touched drill ligature. The drill 
penetrates the base the skull about the middle the root 
the zygoma, about mm. anterior the external auditory meatus, 
the carotid canal lying fully cm. internal, and the foramina rotun- 
dum and ovale mm. anterior and internal this point. The ex- 
ternal carotid and its branches, and the external jugular vein, lie, 
for the most part, external this point, and should escape damage, 
though have always clamped tied the common carotid the 
neck. 

the ligature passed extradurally, draws the dura downward 
and inward, forming pad which effectually controls bleeding from 
the sinuses. rule, the most severe bleeding encountered the 
entire operation comes from the diploe when the trephine openings 
are made. 

Compared the older methods decerebration, this one presents 
certain advantages, for the study respiration. 
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the first place, there usually change breathing when 
the section made, and respiration and blood pressure are almost 
invariably regular and quiet from the start, remaining indefinitely, 
while the animal responds very actively nervous chemical stimuli 
respiration. There obviously less shock than when the other 
methods are used, and this, together with the absence bleeding 
around the medulla, makes for more uniformly successful prepara- 
tion than have been able obtain the “scoop method,” 
the decerebrator. Out some forty preparations, not one has been 
lost because faulty decerebration, and there have never been 
any clots around the medulla postmortem examination. 

Secondly, the blood pressure usually high, sustained level 
200 mm. more being the rule rather than the exception. high 
pressure might expected, because the slighter degree hem- 
orrhage, but possible that these very high pressures may the 
result other factors, such increased intracranial pressure, pres- 

the pituitary, etc. 

Thirdly, while the operation requires little more time than does 
the and much more than when the decerebrator 
used, time lost waiting for the hemorrhage cease, 
compression the vertebrals, that the total time required for 
experiment usually less than when the older methods are used. 

advisable have the animal under fairly deep anesthesia 
during the operation, because necessary place the fingers well 
back the animal’s mouth, and reflexes are present one may 
bitten. 

have tried this method several dogs, with good results. Hem- 
orrhage was not conspicuous, and the animal survived the operation 
well. The procedure the same the cat, excepting that, since 
the tentorium not entirely bony the dog, more caution required 
passing the drill downward. There fossa the external end 
the petrous bone the dog, the cat, and the drill point finds 
this readily. There more bleeding than seen the cat, but 
stops promptly and spontaneously. The anatomical relations 
the drill holes correspond closely those described for the cat, and 
the method seems desirable for dogs, though have not had enough 
experience with these animals speak with confidence. 
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The method above outlined has been employed the experi- 
ments the action drugs respiration described the two 
following has also been used direct comparison with 
decerebration the older methods, students’ experiments 
the course experimental pharmacology this school. both 
these series tests its advantages have been apparent. 


F., and Harer, B., Exp. Med., 1923, xxxvii, 47, 69. 
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(From the Laboratory Pharmacology the University Pennsylvania, 
Philadelphia.) 


PLATES AND 
(Received for publication, July 21, 1922.) 


These experiments had their inception observation that 
was possible control voluntarily the inspiratory phase the cough 
reflex certain individual and thus partially completely 
prevent the cough resulting from irritation the pharynx. When 
the deep inspiration which precedes typical cough was prevented 
there was actual cough, but frequently series contractions 
the abdominal muscles followed and these were beyond voluntary 
control; when deep inspiration was taken powerful expiratory 
contraction almost invariably followed. This seemed indicate 
that the expiratory phase the cough reflex this individual was 
under less complete voluntary control than the inspiratory, and sug- 
gested the possibility that drugs which have truly selective 
specific action the control cough—morphine, heroine, and co- 
deine—might act selectively the expiratory mechanism unless 
their action one pure narcosis. 


The conception selective action exerted drugs inspiration expiration 
not new. Langlois and Richet (1) found that dogs deep chloral narcosis 
were unable expire against resistance mm. mercury, while 
inspiration could maintained against considerably higher resistance; un- 
poisoned animals could readily expire against mm. The expiratory mechanism 
was apparently more seriously affected than the inspiratory. 

the other hand, Aducco (2), working with dogs also, and recording thoracic 
and abdominal respiration means tambours, described stimulation expira- 
tion laudanum, hydrated chloral, and aconitine, and found that when chloral 
was given the point respiratory failure expiratory efforts were the last 
abolished. The same author (3) found that cocaine, applied directly the 


medulla, caused respiratory rhythm long inspiratory pauses broken active 
expirations. believed that these results pointed the existence separate 
expiratory center, which often continued function when the inspiratory center 
was paralyzed. The production labored breathing, with active expiratory 
efforts, means laudanum, not harmony with the general conception 
that morphine relieves dyspnea, and seems probable that many Aducco’s 
results were not due direct action the drugs the respiratory center. 
Dreser (4), his investigation the action heroine respiration, found that 
rabbits whose breathing had been made slower and deeper small doses the 
alkaloid were able expire against resistance more efficiently than animals 
narcotized hydrated chloral, and concluded that heroine has specific action 
increasing the depth breathing without diminishing the efficiency the 
respiratory muscles the ability expel mucus from the respiratory passages. 


view the opposing results obtained these investigators 
know convincing evidence indicate either the existence 
distinct centers controlling inspiration and expiration, the 
possibility truly selective action drugs one the other 
phase respiration. 

Stimulated the idea stated the opening paragraph this 
paper, designed experiments intended study the possibility 
such selective action—more specifically, whether drugs which are 
known depress cough selectively have more marked action 
expiration than inspiration. 


Methods. 


The first requisites for the experiments appeared controllable 
stimulus for eliciting expiratory movements and accurate method 
for recording them. ‘To cause expiratory movements have made 
use inhalations mixtures known and constant strength, 
for constant period time; record them, after unsuccessful 
attempts make use slip expiratory muscle, depended 
record intrathoracic pressure, and, avoid all possible in- 
terference with normal conditions, obtained this record from the 
mediastinal space, without opening the pleural cavity. 


Cats were used all the experiments which this report based. 
they were decerebrated, through trephine opening, the method de- 
scribed one (5); number experiments were made intact animals 
anesthetized with ether, urethane, luminal, chloretone. tracheal cannula 
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was generally used, for several experiments done without convinced that 
did not alter the results. Blood pressure was recorded from carotid artery, with 
mercury manometer; injections were made into saphenous jugular vein, 
into the muscles the leg. Respiration was recorded means Lieb’s 
modification the Cushny plethysmograph (6), that minute volume average 
depth breathing could estimated. 

obtain the mediastinal record, the upper bone the sternum was exposed 
and partly freed its muscular attachments; the lower end this bone was 
flattened paring its surface with knife where widens out meet the cartilage 
which joined the second portion the sternum. means hand 
drill, mm. hole was drilled the flattened portion, near the cartilage 
possible, but solid bone, exactly the midline, sudden penetration being 
prevented means metal guard set about cm. from the tip the drill. 
metal cannula was then screwed into place; this was made with tapering shaft, 
mm. diameter the tip, with light thread cut the shaft, and provided 
with openings the side well the tip. Paraffin oil was introduced from 
burette and allowed flow slowly gravity, cc. being used rule. 
The cannula was then removed, cleaned, reinserted, and connected small 
tambour, covered with very thin, tightly stretched rubber; the tambour was 
calibrated from mercury manometer the end the experiment. 

The oil dissects away the loose areolar tissue the anterior mediastinum, form- 
ing small pocket whose lateral walls are contact with the pleura. not 
irritant, and the entire procedure does not visibly alter breathing, even 
unanesthetized (decerebrated) animal. not absorbed, and, the tambour 
tightly covered, the record independent changes volume the heart and 
vessels. motion the lever indicates lower pressure with inspiration and 
rise with expiration. The extent and character the movements practically 
duplicate those similar tambour connected pleural cannula, though 
frequently the mediastinal record miniature the other. Both show corre- 
sponding changes during dyspnea, etc., that seems justifiable depend the 
mediastinal record measuring relative changes, and have used only for this 
purpose. 

Sometimes the oil dissects upward, appearing around the carotid artery 
trachea. avoid this, advisable confine the neck dissection the region 
the larynx, and not free the trachea from its posterior attachments. 

Occasionally the mediastinal record small, and responds sluggishly 
changing conditions, practically useless. This usually relieved 
removing little oil, and seems due overdistention. Sometimes flap 
tissue acts valve the sternal cannula; this can readily removed 
inserting feather blunt instrument, there little danger damaging 
the pleura after the oil has been introduced. Rarely, animal may en- 
countered whose mediastinal tissues are apparently rigid that impossible 
obtain satisfactory record this method. (This always true the dog.) 
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Another disadvantage frequent failure the level the record return 
normal after deep gasp, especially when breathing rapid, during 
inhalation; this defect the method, record from pleural cannula shows 
nothing like it; seems due further dissection the oil, and usually 
disappears dyspnea repeatedly induced. 

The chief advantage the method, for our purpose, lies the avoidance 
opening the pleural cavity, with consequent danger leakage and partial collapse 
the lung. Some the results described cannot obtained when the 
lung incompletely distended, and, even the pleural cannula does not leak, 
usually necessary allow partial collapse the lung prevent obstruction 
the cannula during inspiration; this may avoided introducing small 
probang through the cannula, and only when this done, and the lung 
completely reexpanded, that characteristic results can obtained with morphine 
and heroine. 

Another advantage, theoretical rather than practical, found the avoidance 
irritation the parietal pleura, such may occur when pleural cannula 
fastened place, and which may give rise expiratory reflexes the animal not 
narcotized, was shown Kohts (7). 

matter fact, have seen signs changes respiration from the 
presence pleural cannula unless the lung was partly collapsed. 


All the results from which the present conclusions are drawn have 
been confirmed means record intrathoracic pressure, using 
pleural cannula. have been unable adapt the mediastinal 
method rabbits, because the narrowness the sternum, 
dogs, because the rigidity the mediastinal tissues. 

elicit active expiratory movements, the animal was allowed 
rule. 


The gas was contained spirometer large enough supply given mixture 
for any experiment; the spirometer was weighted, that the gas issued gentle 
stream through tube which was fitted with small cup held very loosely 
over the tracheal cannula, with small funnel, held loosely over the nose 
and mouth, tracheal cannula was used. this way rebreathing was largely 
avoided, and there was mechanical interference with breathing, shown 
control tests with air the spirometer. This caused moderate dyspnea, with 
marked increase depth and usually definite acceleration rate. record 
intrathoracic pressure from mediastinal pleural cannula showed corre- 
sponding increase depth inspiration, and also definite rise pressure with 
each expiration. 
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Recovery was usually complete within minutes, and frequent repetitions had 
serious effect the animal. The inhalation was repeated until constant 
results were obtained, control, and again after drugs were applied. After 
calibrating the tambour, the mediastinal record was translated into millimeters 
pressure, the level reached the lever during expiration just before was 
applied being used the line zero pressure; each response had its own zero 
level, and the results are purely relative. Since the record respiration was 
plethysmographic one, was thus possible estimate, approximately least, 
the relative parts played inspiration and expiration producing given increase 
ventilation, response the physiological stimulus 


The degree activity expiration was shown, not only the 
height which the lever rose during expiration, but also the type 
the upward movement. drawing conclusions, have used 
only those experiments which there was definite increase the 
expiratory level and definitely active expiration during the response 
the control period, and have taken pains confirm the 
recorded increase expiration inspection the animal. 

Fig. tracing from experiment animal during light ether 
anesthesia; the data obtained from this tracing are given Table 

The mediastinal record before was applied shows fairly 
sharp upward movement the lever, culminating series sharp 
peaks, from which inspirations begin; this corresponds definitely 
active expiratory rhythm, and quite different from the tracing 
made when expiration passive (Fig. B). inhalation caused 
prompt and progressive increase depth inspiration, but for 
about seconds there was corresponding increase expiration, 
and change rate; then expiration became sharper, the rate 
increased, and inspiration became still deeper. The maximum rate 
and depth were seen when expiration was most active—a uniform 
result inhalation nitrogen our experiments. 

these methods have tested the effects morphine, heroine, 
and codeine the respiratory response The results are 
presented this paper. the following paper (8) are outlined the 
results similar experiments with chloroform, hydrated chloral, 
urethane, luminal, and magnesium chloride, together with few 
observations the action caffeine, strychnine, and atropine after 
the depression respiration those drugs. 


4 


9¢9‘F 0zz‘Z 999 SUINIOA 

SL 8 06 06 £8 99 09 09 09 09 


‘ 


CARL SCHMIDT AND BENSON HARER 


RESULTS. 


Morphine and heroine were found exert selective depressant 
action the central expiratory mechanism, without producing 
narcosis, and often without depressing inspiration. Codeine had 
constant effect except stimulation the spinal cord. 

the rate breathing was definitely slowed 
after intravenous intramuscular injection this drug, expiration 
became passive, and, the dose was sufficient, remained during 
inhalation; inspiration was often deeper than before, and nar- 
cosis did not occur. The dose required produce this effect 
decerebrated cats ranged from mg.; rule, mg. produced 
definite expiratory depression, which was usually overcome 
inhalation, while mg. made expiration completely passive. 
animals narcotized ether, urethane, chloretone, luminal, 
mg. morphine usually produced definitely slower breathing and 
expiratory depression, while mg. made expiration completely 
passive both rest and response inhalation. 

typical example the effect morphine the response 

The response before morphine shown Tracing The sharp 
upstroke the mediastinal lever before and during CO, inhalation 
and the greater inspiratory and expiratory efforts during the inhala- 
tion are well shown. 

Tracing shows the response the same animal the same gas 
mixture after mg. morphine. The rate was slower and the 
rounded contour the top the mediastinal record indicates com- 
pletely passive expiration. The latter observation was confirmed 
inspection the animal. This rounding the expiratory curve 
persisted during inhalation, and there was tendency rise 
mediastinal pressure. 

The data derived from these tracings are given Table II. 

evident that, while morphine had decreased the rate very 
definitely, the volume each breath had slightly increased, that 
minute volume was not much reduced during air breathing, and, 
the dead space considered, the slower, deeper breathing after 
morphine may have been quite efficient the apparently greater 
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ventilation before it. During inhalation, however, while the 
mediastinal record indicates greater inspiratory efforts than before 
morphine, there was acceleration—in fact slowing when depth 
increased—and the increase ventilation was comparatively in- 
significant. There was active expiration any time after mor- 
phine and the response was certainly not dyspnea. This 
result typical the action morphine small doses mg.) 
the decerebrated cat with vagi intact. 

When the vagi were cut, expiration always became definitely active, 
animal was decerebrated narcotized, and frequently 
respiration became series inspiratory pauses, broken active 
expirations, shown Fig. During CO, inhalation there was 
definite, and sometimes very marked increase expiratory pressure, 
with marked increase depth inspiration, but there was usually 
mg. dosage, always definitely diminished this sharp expiratory 
rhythm and frequently slowed the rate, while mg. made expiration 
completely passive, even during CO, inhalation, and always slowed 
the rate. 

When successive doses morphine were given, mg. ata 
time, decerebrated animal, whether vagi were intact cut, there 
usually occurred, instead progressive depression, return active 
expiration and acceleration rate. Maximum reduction rate, 
with completely passive expiration, usually followed mg. the 
vagi were intact, mg. they were cut. After about mg. 
muscular movements tremors often appeared, accompanied 
active expirations, both rest and response and the rate 
was accelerated; one experiment, tetanic convulsions occurred 
after 270 mg., following period dyspnea. The extremely slow 
rate, culminating respiratory failure, which characteristic 
advanced morphine poisoning other animals, occurred only 
fairly large dose (30 mg.) was injected rapidly, and was always 
accompanied marked circulatory depression. long the 
blood pressure remained high, was impossible produce respiratory 
failure morphine alone the decerebrated cat. 

the anesthetized animal repeated doses morphine also failed 
produce progressive depression respiration, but the return 
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active expiration and signs increased reflex excitability were not 
seen. Whether vagi were cut intact, maximum slowing and com- 
plete expiratory depression usually followed mg., and repeated 
doses had further effect rate depth until circulatory depression 
occurred, following rapid injection large dose. 

typical example the effect progressive doses morphine 
anesthetized animal shown Fig. series tracings from 
experiment which urethane was used the anesthetic; the vagi 
were cut before morphine was given (between Tracings and B). 
The respiratory rhythm before vagotomy was one brief inspiratory 
pauses, with active expirations—a characteristic urethane our 
experiments; cutting the vagi accentuated this expiratory rhythm. 

From the tracings evident that even mg. morphine dimin- 
ished the sharp expiratory rhythm, though the rate was unchanged. 
mg. produced distinct rounding the expiratory curve, while 
mg. made expiration completely passive and also caused maximum 
slowing rate. Further injections, mg., had effect 
except slight increase depth, until, following rapid injection 
mg., blood pressure fell sharply, and respiration became deeper 
and little slower, with prompt recovery blood pressure rose. 
the beginning the last tracing mg. caused fall blood 
pressure and slower rate, such expected advanced morphine 
poisoning, and another mg. produced simultaneous circulatory 
and respiratory failure. quite evident that the fall blood 
pressure here could not have been the result respiratory depression 
the other hand, the appearance that respiratory depression 
result circulatory failure. 

Fig. shows series inhalations taken during the course 
this experiment. apparent that mg. morphine completely 
removed the expiratory response while the response after 
mg. exactly the same that after mg. inhalation after 
the larger dose was continued for minutes order insure adequate 
absorption COs. 

about quarter the experiments decerebrated cats, mor- 
phine failed produce slowing expiratory depression any dose, 
from 0.25 100 mg., more. the absence slowing obvious 
that morphine had not exerted its typical effect. Whenever the rate 
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was decreased after morphine expiration was passive, and when 
expiration was active there was slowing. 

effects this drug rate and depth breathing 
and the character expiration the decerebrated cat were similar 
those morphine, but were produced more regularly and much 
smaller doses. slower rate, usually with increased depth, and 
with completely passive expiration, regularly followed 0.25 0.5 

The result heroine action decerebrated cat shown typical 
form Fig. which Tracing shows the response before 
heroine, Tracing after 0.25 mg., and Tracing The 
data derived from these tracings are given Table 

seen that 0.25 mg. heroine decreased the rate and increased 
the depth, making expiration passive, and removed completely the 
expiratory response 0.5 mg. produced further slowing but 
further increase depth. 

When repeated doses heroine were given decerebrated cat, 
there occurred only progressive circulatory and respiratory failure, 
death sometimes following total mg. There were never any 
signs stimulation such occurred with morphine, and narcosis 
might follow 0.5 mg. blood pressure did not fall respiration 
was not further affected after expiration had been made passive, and 
respiratory failure never occurred with high blood pressure. 
those animals which morphine had failed produce slowing 
the rate, heroine, dosage mg., was also without effect, 
but apparently did not produce further stimulation. When given 
alone, however, 0.25 0.5 mg. heroine uniformly produced results 
such are described above. 

only constant result the injection codeine 
phosphate decerebrated cat was increase reflex excitability, 
culminating usually tetanic convulsions. eight experiments, 
with doses codeine ranging from 0.125 100 mg., there was never 
any definite slowing rate expiratory depression. Doses 
mg. had effect, while after mg. the rate was accelerated and 
expiration became more active. Repeated doses caused further 
acceleration, and the only trace selective expiratory depression 
was failure the mediastinal lever rise above the zero level 
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during CO; inhalation after mg. had been given; the rate was 
always more rapid this time than the control period, and in- 
spiration was definitely diminished, while expiration was still active, 
but was relatively weakened. After about mg.muscularmovements 
usually appeared and the animal responded violently slight stimuli, 
the early stages strychnine poisoning. After 100 mg. 
tetanic convulsions usually appeared. time was there any sign 
respiratory depression narcosis. 


DISCUSSION. 


Morphine occupies unique position respiratory depressant 
because its ability relieve specifically cough dyspnea, and 
decrease selectively the rate without affecting the depth breathing— 
effects which may produced without causing narcosis, and sometimes 
without any other effects than those respiration. 

Existing opinions regarding the action morphine respiration 
were summarized Cushny (10), who presented additional evidence 
that the drug has apparently specific action the rate breathing, 
the result grossly resembling that vagotomy that there may 
increase depth rate decreased. Cushny was able show, 
however, that stimulation the central stump the vagus was 
least effective after morphine before, that its action does 
not depend depression the vagus mechanism; concluded 
that affects the metabolism the cells the respiratory center 
such way that the rate discharge impulses decreased, but 
not their strength. 

Cushny and Lieb (6) showed that the content the blood 
rises after large doses morphine, indicating depression the 
respiratory center chemical stimuli. 

Our experiments have shown that morphine and heroine have 
apparently selective action the expiratory mechanism the 
cat, and that whenever the rate diminished expiration passive. 
wish emphasize the point that this and the following state- 
ments apply only the cat, for have been unable, for technical 
reasons, complete series experiments other animals sufh- 
ciently extended enable speak more generally. 
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The effect making expiration passive, when was active before, 
might deduced from the results obtained Head (11), who found 
that gentle suction the tracheal cannula rabbit was followed 
immediately inspiratory effort applied the end expiration, 
result excitatory vagus reflex aroused collapse the 
lungs. One might expect, therefore, that slower rate emptying 
the lungs would delay this reflex and thus slow the rate breathing. 
this true, suction the tracheal cannula during expiration should 
remove the slowing produced morphine heroine. 

That this possible shown Fig. tracing from the same 
experiment that from which Fig. was taken. The injection 
0.5 mg. heroine had decreased the rate from and expiration 
became completely passive. Tracing shows the effect closing 
the tracheal cannula the end inspiration and expiration; brief 
apnea the expiratory position was caused the one case, very 
deep inspiration the other. apparent that the vagus mechan- 
ism was functioning, and that thecenter was able respond impulses 
aroused distention collapse the lungs. 

Tracing shows the effect very gentle suction the tracheal 
cannula during expiration, that the lungs were emptied more 
rapidly. Each suction was followed inspiration, and the 
rate was increased from 50. (The rate before heroine was 52.) 
Blowing into the trachea during inspiration decreased the rate from 
15. 

These observations have been repeatedly confirmed for morphine 
and heroine, and seems certain that the slower rate breathing 
which follows the action these drugs least partly due the 
slower rate emptying the lungs, which, turn, the result 
selective depression expiration. When the animal was narcotized 
this result often was absent, and could not obtained regularly 
with any the other drugs tried. When very large doses morphine 
heroine were given, and circulation was markedly depressed, with 
respiratory rate per minute, suction and blowing were 
usually without effect. When the vagi were cut the rate was not 
affected suction blowing, unless continued long enough over- 
ventilate the lungs. clear, therefore, that the acceleration which 
follows more rapid emptying the lungs largely, not wholly, 
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vagus reflex, and removed depressing the vagus mechanism 

After vagotomy morphine also produced expiratory depression 
and slower rate, and usually smaller doses were effective than 
when the vagi were intact. This indicates that the drug acts 
centrally, and that the central depression probably antagonized 
excitatory vagus reflexes, the possibility which shown the 
effect suction during expiration when the rate was slowed mor- 
phine heroine (Fig. probably accounts for the absence 
typical morphine action when the lungs were incompletely dis- 
tended and justifies the use the mediastinal method for intrathoracic 
pressure. 

maximum decrease rate seen whenever expiration becomes 
completely passive after morphine heroine, and when this occurs 
larger doses have further depressant effect until circulatory de- 
pression takes place (Figs. and 4). This seems indicate that 
the drugs either have depressant action inspiration, while making 
expiration completely passive, or, seems more probable, that the 
depression inspiration overcome equivalent increase 
the chemical stimulus, such was shown Cushny and Lieb (6). 
have made few experiments decerebrated cats, determining 
the arterial blood the method Dale and Evans (12), 
just before and just the end inhalation, repeating the de- 
termination after the injection morphine. The results one 
these experiments are given Table IV. 

this experiment expiration was made completely passive 
mg. morphine and remained during inhalation; depth 
respiration was slightly reduced morphine, but was increased 
CO, practically the same extent before morphine. The rate 
breathing air was reduced from 20, and the arterial 
blood fell from 7.35 7.29 after morphine. The most striking 
difference seen comparing the rates during inhalation before 
and after morphine; before morphine CO, caused acceleration, after 
morphine slowing. The effect this the efficiency ventilation 
shown the figures for before and the end the two in- 
halations. Before morphine there was change; the respiratory 
mechanism was able prevent detectible fall. After morphine, 


while depth increased before, there was retardation instead 
acceleration, and fell from 7.29 7.25 during the inhalation. 
this, and many other experiments, was evident that expiration 
remained passive any marked increase depth inspiration would 
slow the rate, and thus partly defeat its purpose increasing ven- 
tilation. 

decerebrated cats the effect repeated doses morphine was 
complicated the return active expiration and acceleration 
rate, after passive expiration and slower rate had followed smaller 
doses. the same time there were signs increased reflex excitabil- 
ity and actual convulsions might follow very large doses. This points 
stimulant action the cord, which well known for morphine, 


TABLE IV. 


Morphine experiment. November 23, 1921. Cat, female; weight 2.3 kilos. 
Decerebrated through trephine opening; tracheal cannula; injections into the 
saphenous vein, completed minutes before the second series observations. 


Average Min. 
Rate per min. depth. 
Period. 


After mg. morphine sul- 


and which apparently overcomes the central expiratory depression 
which follows smaller doses; this effect prevented removed 
narcosis. also possible that the return active expiration, and 
consequent acceleration rate, are due spontaneous changes 
the condition the animal, for Macleod (13) has recently shown 
that decerebrated cat may develop acidosis and become dyspneic 
spontaneously. Against this may said that, once expiration 
was passive, remained for period hours, with steady, 
regular rate, but, more morphine was given, acceleration and active 
expiration usually appeared promptly. Furthermore, there were 
never any signs stimulation from heroine, matter how long the 
experiment was continued, while codeine produced them regularly 
and after comparatively small dosage. The respiratory 
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these large doses were similar all respects those effective doses 
strychnine; during the acceleration and return active 
expiration there were signs increased reflex excitability. 
worth noting that similar reversal morphine action large 
doses was described for dogs Wood and Cerna (14), and for rabbits 
Filehne (15). 

feel safe concluding that the typical action morphine 
and heroine the respiration the cat limited selective 
depression the central expiratory mechanism, and that the slower 
rate, with relatively unchanged depth, due least partly this. 
easy see how depth little affected, may increased, 
for the chemical stimulus increased, and, though inspiration may 
depressed also, subjected stimulus which may more than 
overcome the depression. our experiments, the extremely slow 
rate, culminating respiratory failure, which typical advanced 
morphine poisoning, seemed due depression circulation 
rather than respiration direct, and not regard part 
typical morphine heroine action respiration the cat. Once 
expiration has been rendered passive either drug, larger doses 
have further depressant effect the rate depth until circulatory 
depression occurs; the latter does not seem secondary re- 
spiratory depression, for usually occurs before respiration affected, 
and artificial respiration oxygen inhalation usually does little good. 

constant and striking relation between blood pressure and 
respiration has been evident many the experiments, and the 
relation cerebral blood flow respiration now being investigated 
more fully. The statements made above are justified the evidence 
already hand, and are made this time the hope that they may 
some use the treatment morphine poisoning man; 
have evidence that circulatory depression prominent feature 
but the subject seems deserve further investigation, and 
possible that circulatory stimulants, transfusion, intravenous 
infusions, may value the treatment clinical morphine 
poisoning. 

action this sort may have occurred the experiments 
Guber (16), who found that, when respiration rabbit had been 


markedly depressed large doses morphine (30 mg.), injection 
adrenalin was followed temporary improvement respiration, 
and when the adrenalin injections were repeated, recovery took place 
much more rapidly than when the same animal was given the same 
dose morphine without subsequent adrenalin injections. Jackson 
(17) explains the beneficial results adrenalin such conditions 
being due relaxation bronchial spasm, which has demon- 
strated after injection mg. morphine spinal dog. 
probable that such effect adrenalin plays part the improve- 
ment noted Guber the rabbit, but the possibility improved 
circulation worth considering. 

not prepared state that selective depression expiration 
responsible for the specific action morphine and heroine cough 
and dyspnea, for our experiments were made animals which are 
scarcely regarded fit subjects for the study the therapeutic 
action these drugs. have made several experiments dogs, 
using pleural cannula, and found that when the lung was completely 
reexpanded, and when the rate was decreased following mg. 
morphine, similar selective depression expiration was evident, 
and Cushny (10) found that the decerebrated cat reacted morphine 
did the rabbit. these results are regarded applicable the 
therapeutic use these drugs, least suggestive that the condi- 
tions which they are regarded specifics—cough and dyspnea— 
are characterized active expiratory efforts, and the response the 
cat after expiration was made passive morphine heroine, 
was certainly not dyspnea. 

comparison the three alkaloids—morphine, heroine (diacetyl 
morphine), and codeine (methyl morphine)—shows that morphine 
not nearly specific expiratory depressant heroine, while 
codeine has never shown such action all. The average minimum 
dose morphine required produce definite expiratory depression 
and slower rate was about mg. our experiments, and practically 
the same results could obtained, more uniformly, with 0.25 mg. 
heroine. Heroine was, therefore, about twenty times effective 
morphine. 

The negative results obtained with codeine were surprise, 
view the clinical value the drug, and cast some doubt the 
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value these experiments explaining the clinical usefulness 
the other alkaloids. while the experiments have failed 
demonstrate any constant action codeine the decerebrated cat 
except stimulation the cord, may that this stimulation was 
sufficient overcome simultaneous depression expiration similar 
that morphine heroine, and that this stimulation the cord 
less marked other animals than the cat. 


SUMMARY. 


method described for recording intrathoracic pressure 
cats without opening the pleural cavity; active expiratory movements 
were elicited inhalation constant mixture for given 
time and study was made the action drugs inspiration and 
expiration. 

Morphine and heroine were found exert selective depressant 
action the central expiratory mechanism, and the slower rate, 
with relatively unaltered depth, seemed due Jeast partly 
the slower rate emptying the lungs. Codeine had depressant 
action the respiration decerebrated cats. 

Larger doses morphine heroine had further depressant 
effect rate depth breathing after expiration was made passive, 
unless circulatory depression appeared, and failure circulation 
seemed the cause respiratory depression, rather than the 
reverse relation. decerebrated animals large doses morphine 
and moderate doses codeine stimulated the spinal cord, and expira- 
tion became active, with faster rate breathing. The characteristic 
action morphine and heroine the respiration the cat appar- 
ently limited depression active expiration. 
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EXPLANATION PLATES. 


Upper tracing, mediastinal pressure; down stroke, inspiration. mm. 
tracing equivalent about mm. Hg. pressure. 

Middle tracing, volume respiration. stroke, inspiration. 
tracing equivalent cc. air moved. 

Lower tracing, blood pressure. 

All tracings are read from left right. 


Fic. Ether experiment. December 17, 1921. Cat, female; weight 2.2 kilos. 
Ether anesthesia; tracheal cannula; cerebrum and vagi intact; drugs injected; 
blood pressure from the right carotid. 

The signal line abscissa for blood pressure and set mm. Hg. 

Time, seconds. Between the arrows 8.5 per cent CO: was inhaled for 
minute. 


Fic. Morphine experiment. December 10, 1921. Cat, female; weight 2.3 
kilos. Decerebrated through trephine opening, under ether anesthesia, with 
both carotids tied; vagi intact; tracheal cannula; blood pressure from the right 
carotid; cannula the left saphenous vein for injections. 5.2 per cent, 
inhaled for minute. Morphine sulfate, per cent Ringer’s fluid. 

The signal line abscissa for blood pressure and set mm. Hg. 

Time, seconds. 

Tracing before morphine. 

Tracing after injection mg. morphine sulfate, mg. intravenously, 
mg. intramuscularly, the last injection hour previously; following the last 
injection, transfusion 100 cc. whole cat blood was given, with syringe; 
anticoagulant; completed minutes before the tracing was made. 


Fic. Urethane experiment. December 1921. Cat, female; weight 2.5 
kilos. Anesthetized with chloroform followed ether; ure- 
thane, per cent water, injected slowly into the saphenous vein, total 
1.25 gm. per kilo; vagi prepared, but not cut until later. 

The signal line abscissa for blood pressure and set mm. Hg. 
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The numbers just below the time tracing are rates respiration per minute. 
The lower numbers indicate the total amount morphine injected that point. 

Time, seconds. 

Tracing air breathing, urethane anesthesia, vagi intact. 

Tracing the same, minutes after cutting both vagi. 


inhalations during the course the experiment shown Fig. 

The signal line abscissa for blood pressure and set mm. Hg. 

The numbers under the signal tracing indicate the rate per minute, second 
intervals. 

Tracing response per cent inhaled for minute, during urethane 
anesthesia, with vagi intact; morphine given. 

Tracing the same, after cutting both vagi, before morphine. Note the 
slight but definite increase the expiratory level the mediastinal record. 

Tracing the same, after injection mg. morphine sulfate. 

Tracing the same, after injection mg. (total) morphine sulfate. 

Tracing the same, after total mg. morphine sulfate; this inhalation 
was continued for minutes. 


Fic. Heroine experiment. December 14, 1921. Cat, male; weight 2.8 
kilos. Decerebrated through trephine opening, under ether anesthesia, with 
both carotids tied; vagi intact; tracheal cannula; blood pressure from the right 
carotid; injections into the left saphenous vein. 4.5 per cent, inhaled for 
minute. 


Time, seconds. 

Tracing before heroine. 

Tracing after 0.25 mg. heroine hydrochloride. 
Tracing after 0.5 mg. heroine hydrochloride. 


Fic. From the same experiment Fig. following Tracing Fig. 0.5 
mg. heroine has been injected. 

Tracing Hering-Breuer reflexes; tracheal cannula closed end inspira- 
tion, and end expiration. 

Tracing suction the tracheal cannula during expiration, accelerating 
the rate from 50; blowing into the tracheal cannula with inspiration, 
slowing from 15. 
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THE ACTION DRUGS RESPIRATION. 


CHLOROFORM, CHLORAL, URETHANE, LUMINAL, MAG- 
NESIUM, CAFFEINE, STRYCHNINE, AND ATROPINE. 


CARL SCHMIDT, M.D., BENSON HARER, M.D. 


(From the Laboratory Pharmacology the University Pennsylvania, 
Philadelphia.) 


PLATE 
(Received for publication, July 21, 1922.) 


During the progress the experiments described the previous 
paper (1),it became obvious that similar study should made the 
action other depressant drugs. The question whether the selective 
expiratory action shown possessed morphine and heroine 
shared the aliphatic narcotics important not only connection 
with the pharmacology respiration but also because the light 
which its study might throw the physiology the respiratory 
center. have therefore used the methods outlined the 
beginning the previous paper experiments with chloroform 
and ether, hydrated chloral, urethane, luminal, and magnesium 
chloride. Observations have also been made the effects caffeine, 
strychnine, and atropine injected after the respiration had been de- 
pressed other drugs. 


RESULTS. 


With all the drugs tested—ether, chloroform, hydrated chloral, 
urethane, magnesium, and luminal—there occurred more less 
selective depression expiration with morphine and heroine, but 
narcotic doses were required produce any effect and inspiration was 
always definitely depressed; expiration was weakened, but did not 
become passive until very marked depression inspiration appeared. 

Other than these general effects, there were some characteristic 
features their action resulting from indirect effects respiration. 


= 


ether vapor was inhaled cat, 
intact, expiration always became active. the inhalation was 
begun during very shallow narcosis, or, decerebrated animal, 
without narcosis, the first effect was usually series inspiratory 
pauses, broken sharp, active expirations. This was soon followed 
period acceleration, with active expiratory rhythm, during 
which mediastinal pressure rose steadily. This expiratory rhythm 
persisted through the stage surgical narcosis—absent corneal 
reflex, complete muscular relaxation, regular, quiet respiration, high 
blood pressure. the inhalation was continued further, active 
expiration disappeared, sometimes quite suddenly, and respiration 
became series purely inspiratory gasps diminishing rate and 
strength, culminating respiratory failure; blood pressure frequently 
rose for brief period after respirations had ceased, but spontaneous 
breathing rarely began until pressure began fall; the first respiratory 
efforts recovery were always purely inspiratory. 

The disappearance active expiratory efforts was constant sign 
dangerous respiratory depression ether and regard 
fairly reliable sign for use during ether anesthesia the cat. 

The responses inhalation varying stages ether narcosis 
showed that expiration was definitely weakened narcosis progressed, 
though became completely passive only when inspiration was much 
shallower and slower than before and respiratory failure was imminent. 
example the effects ether shown Fig. continuous 
tracing made during ether inhalation intact cat, which 
tracheal cannula was used. 

the start, before the expiratory level the mediastinal 
tracing shows series sharp peaks, indicating active expiratory 
rhythm. During very shallow narcosis (corneal reflex very active— 
brought out very marked expiratory response, 
with very definite increase rate, depth, and minute volume. 

When ether was applied, there occurred series inspiratory 
pauses, broken sharp expirations, soon followed rise medias- 
tinal pressure and more rapid rate, expiration continuing active 
until blood pressure began fall—before respiratory failure this 
case, ether being removed when the fall began. this point, the 


All operations were performed under ether anesthesia. 
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mediastinal record looks exactly like that which follows morphine 
heroine,? and expiration was completely passive, though 
evident that inspiration was also markedly depressed. 
was then very deep, the pupils were dilated, and the corneal reflex 

inhalation this point brought out purely inspiratory 
response, much weaker than that during light anesthesia. Following 
this the sharp expiratory peaks returned the mediastinal tracing 
and the corneal reflex reappeared +). CO, then brought out 
more marked inspiratory response, but expiration was not corre- 
spondingly increased and there was little acceleration. 

expiratory response similar the first one, during light 
anesthesia, appeared only when the reflexes were again very active. 

evident that ether depresses expiration more than inspiration, 
but definitely depresses both, seen the responses 
different stages narcosis. 

The active expiratory rhythm which constantly occurred during 
ether inhalation seems due the irritant action ether vapor 
the respiratory passages, the expiratory efforts being apparently 
intended expel the irritant—a series incomplete coughs. The 
rise mediastinal pressure and acceleration rate which constantly 
occurred during the induction anesthesia ether may also due 
the irritation the respiratory passages, the sharp expirations 
leading more rapid emptying the lungs, with effect rate 
exactly opposite that morphine heroine, once sufficient ether 
was absorbed remove the primary inhibitory effect irritation. 

This expiratory rhythm can duplicated inhalation ammonia 
vapor. have not been able determine whether vagus 
reflex, follows another path, for section the vagi without ether 
inhalation uniformly caused similar expiratory rhythm. ‘The rise 
mediastinal pressure and acceleration the early stages narcosis 
did not occur when the vagi were cut, that these effects, least, 
seem result from peripheral vagus stimulation, probably excitatory 
the central expiratory mechanism. 

Chloroform.—The results inhalation this drug were similar 
those ether, the expiratory response CO, being weakened more 


Figs. and the preceding paper. 


than the inspiratory narcosis progressed, inspiratory efforts being 
the last and the first return. 

The sharp expiratory rhythm, primary acceleration, and rise 
mediastinal pressure were much less constant than with ether, prob- 
ably because the less irritant action chloroform vapor anesthetic 
concentration. 

Another striking, though means constant difference from 
ether was steady acceleration rate narcosis progressed, ac- 
companied steady fall blood pressure. these exceptional 
cases, due possibly inhalation too strong vapor, respiratory 
failure occurred quite suddenly, without period progressive 
decrease rate and depth, such was seen always with ether and 
usually with chloroform, and blood pressure did not rise after respira- 
tion ceased. one experiment, this acceleration was marked 
suggest insufficient narcosis even though reflexes were absent, 
pupils dilated, and blood pressure was below mm. When blood 
pressure had fallen mm., the animal was more dyspneic than 
during CO, inhalation before chloroform was given and respiratory 
failure occurred very suddenly. 

This another example apparent relation between blood 
pressure and respiration which reference was made discussing 
morphine poisoning. view experiments already made the 
relation cerebral blood flow respiration, suggest that the 
unusual results chloroform inhalation, described above, may 
due more marked depression circulation than respiration, 
the dyspnea resulting from reduction cerebral blood flow which 
the respiratory center able respond. Further experiments are 
being made this subject and will reported shortly. The possi- 
bility very sudden respiratory failure during extreme dyspnea 
chloroform anesthesia is, course, well known, but seems justi- 
fiable emphasize again illustrative the danger being 
guided respiration alone the administration chloroform. 

Hydrated Chloral.—This drug was injected dosage 100 
mg., per cent solution Ringer’s fluid being used; decerebrated 
animals only were employed and all injections were made into 
saphenous vein. 
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The uniform result repeated injections was progressive increase 
rate and decrease depth respiration narcosis developed, 
with steady fall blood pressure, until very deep narcosis was 
obtained. Expiration continued active until late the experi- 
ment, and when became passive the rate was diminished. The 
expiratory response was progressively decreased until reflexes 
were abolished the drug, when there was increase the expira- 
tory level the mediastinal record during the inhalation. Expiration 
continued active until larger doses were given, and the accelera- 
tion rate during became less and less marked when definite 
narcosis developed. the same time, there was progressive 
diminution depth respiration. The terminal stage was series 
weak inspiratory efforts, with perfectly passive expiration, and 
with markedly depressed circulation. 

The results typical experiment with hydrated chloral are given 
Table 

evident that the expiratory response was progressively 
reduced, but, while depth breathing and strength inspiration 
were also reduced, there was sufficient acceleration prevent 
diminution minute volume until expiration 
Total respiratory failure soon followed this. When expiration has 
been paralyzed chloral, inhalation may cause slowing instead 
acceleration, seen with morphine, but this occurs only very 
deep chloral narcosis. 

Urethane (Ethyl have tested this drug intact 
and decerebrated animals, injecting intravenously dosage 
100 mg., per cent solution Ringer’s fluid being used. 
general, the results were similar those described for the alcohol 
group, but there was less tendency circulatory depression with 
urethane and the rate was usually slowed narcosis progressed. 
constant feature was marked expiratory rhythm—a series 
inspiratory pauses, broken active expirations. This began with 
the smallest effective doses and persisted almost the point re- 
spiratory failure. Expiration remained active with urethane longer 
than with any other drug have tried intact decerebrated 
animals, but when respiratory failure occurred the last efforts were 
inspiratory. The expiratory response persisted after reflexes 
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were abolished, but was much diminished and usually did not appear 
until near the end the inhalation. The rate was often slowed during 
the first seconds the inhalation, when inspiration was increased 
without corresponding increase expiration. This seems indicate 
more marked depression expiration than inspiration. 

The results typical experiment with urethane are given 
Table 

seen that there was steady diminution rate narcosis 
progressed, but there was corresponding increase depth, that 
minute volume air breathing was little affected; the increase 
ventilation response however, was progressively diminished. 
Expiration remained definitely active, though much less so, until 
the last injection; this was followed few weak inspiratory gasps 
and blood pressure remained high for several minutes after respiratory 
failure. 

Magnesium.—We have made study the action this 
drug detail. Only one experiment was made, decerebrated 
cat, which per cent magnesium chloride was injected intravenously 
doses mg. The results resembled those obtained with the 
depressants the alcohol group that there was definite effect 
until narcosis was produced. This occurred after 0.3 gm. magnesium 
chloride per kilo. The expiratory response was progressively 
diminished from this point on, and less and less acceleration was 
caused narcosis became deeper. Depth inspiration 
was also diminished and minute volume was reduced, while blood 
pressure remained high. The drug was not pushed the point 
respiratory failure. Its effect respiration seemed more 
uniform depression, less complicated reflex factors circulatory 
changes than any the alcohol depressants. 

Luminal Sodium have made two experiments 
with this drug, using intact animals, and injecting per cent solu- 
tion during ether anesthesia. one experiment cat weighing 
2.6 kilos, total 0.18 gm. per kilo was required maintain nar- 
cosis; while the other, which the animal weighed 3.1 kilos, 0.06 
gm. per kilo produced comparable results. 


example the expiratory rhythm which followed urethane shown 
Figs. and the preceding paper, before vagotomy morphine. 
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each experiment there was complete muscular relaxation, but 
corneal reflexes persisted, was pointed out Symes (2). The 
most striking feature these experiments was complete abolition 
active expiration, rest and during inhalation, while inspira- 
tion continued quite deep; respiratory rate was uniformly 
per minute, and was accelerated only slightly The 
effects luminal resembled those morphine and heroine more 
closely than those any other drug, but were produced only 
narcotic doses. Morphine produced further change rate 
these experiments, but the one which the larger dose luminal 
was used, mg. morphine decreased the depth slightly, while 
mg. produced respiratory failure; the other experiment morphine 
mg. had definite effect. 


DISCUSSION. 


general, all these drugs exerted more marked depressant effect 
expiration than inspiration, and many cases was possible 
induce completely passive expiration before respiratory failure 
occurred. None them had any definite effect until narcosis was 
produced, and none, with the possible exception luminal, was able 
depress expiration selectively manner comparable that 
morphine heroine. 

The characteristic features described for the individual drugs were 
apparently due action elsewhere than the respiratory center 
reflexes resulting from local irritation, circula- 
tory changes. The sharp expiratory rhythm seen with urethane 
resembled closely that seen the early stages ether narcosis, 
the type breathing which followed vagotomy the decerebrated 
narcotized animal; was obviously not due irritation the 
respiratory passages, and have evidence that urethane selectively 
depresses the vagus mechanism. While breathing after urethane 
was slower and deeper, the type effect was not comparable that 
morphine heroine, for the animal under urethane narcosis had 
labored respiratory rhythm, with active expirations, entirely different 
from the quiet, even, apparently effortless breathing when expiration 
passive. have explanation offer for this expiratory rhythm 
urethane. 


= 


The Expiration Breathing. 


Since all the drugs have tried either depress expiration selectively, 
depress expiration more than inspiration, seems probable that 
there is, the cat, least, separate central mechanism for the 
control each the phases respiration. The fact that expiration 
normally largely wholly passive act, but becomes active during 
dyspnea any sort, seems indicate that the central expiratory 
mechanism responds the same chemical stimuli which affect the 
inspiratory mechanism. The expiratory center set 
threshold for chemical stimuli than the inspiratory Another 
which the first effect commonly increase depth inspiration, 
but expiration becomes definitely increased only later period 
the inhalation. Similar results may obtained inducing dyspnea 

Another characteristic the expiratory mechanism its relation 
the rate breathing, which some mention has already been 
made. Almost without exception, the maximum increase rate 
and depth during inhalation occurred when expiration was most 
active; when expiration failed become active inspiration increased 
depth, the rate was unchanged, was When this 
considered view the acceleration rate which followed more 
rapid emptying the lungs when expiration was passive, becomes 
evident that, the chemical stimulus remains constant, more rapid 
expiration entails more rapid rate. possible obtain con- 
siderable increase both rate and depth only the intervention 
active expiration; without active expiration increase depth may 
slow the rate. 

This tendency slowing when the depth increased seen 
whenever expiration made passive any drug. have seen 
with ether, chloroform, hydrated chloral, urethane, and luminal, 
well with morphine and heroine. Cushny (3) and Cushny and 
Lieb (4) described similar slowing rabbits after large doses 


use the terms expiratory and inspiratory centers for the sake convenience 
only. 

See Fig. the preceding paper. 

See Fig. the preceding paper. 
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chloral urethane, but did not obtain with morphine; possible 
that failure expiration become active compensation for 
increase depth may have accounted for their results. That such 
failure expiration prevents adequate ventilation seen the fall 
the blood during inhalation when expiration remained 
passive,’ and possible that, when the respiratory center already 
depressed drug, further increase the blood may cause 
depression instead stimulation, the result being comparable 
that inhalation very strong concentration 

Since expiration active only when there unusual need for 
cough, breathing against obstruction, seems furnish 
added factor compensation protection the respiratory mech- 
anism, without being absolutely essential life. may for 
this reason that depressant drugs affect expiration more than inspira- 
tion, though the selective action morphine and heroine seems 
deserve separate mention specific one. 


Respiratory Stimulants. 


have tested caffeine, strychnine, and atropine many 
experiments, after respiration had been depressed drugs. 
general, may said that caffeine and strychnine were able toremove 
least part the expiratory depression produced morphine, 
causing return active expiration and acceleration rate. 
The first apparent effect either drug was usually return the 
expiratory response and the effect larger doses caffeine 
was usually slight; with strychnine the effect progressive doses 
was similar that large doses morphine the decerebrated 
animal. 

Atropine has never shown any signs stimulant action our 
experiments, but has often acted synergistically with morphine; 
some experiments, which large doses morphine had had 
depressant effect, 0.5 mg. atropine immediately made expiration 
passive and slowed the rate. Jackson (5) has shown that atropine 
does not affect the bronchial contraction produced morphine, 


7See Table the preceding paper. 


this effect must attributed circulatory changes, actual 
synergistic action, and have uniformly found that small doses 
morphine were more effective producing expiratory depression 
after atropine had been given. 


SUMMARY. 


The depressant drugs which have been studied this series 
experiments were found resemble morphine and heroine that 
they depressed expiration more than inspiration, but they acted only 
narcotic doses and always depressed inspiration the same time. 
Ether caused sharp expiratory rhythm, persisting until narcosis 
was very deep, probably result irritation the air passages. 
Chloroform sometimes caused dyspnea, even very deep narcosis, 
probably because circulatory depression. Hydrated chloral made 
respiration more rapid, but shallower. Urethane usually made 
expiration active, often with inspiratory pauses, such may follow 
vagotomy. Magnesium seemed produce the most uniform, un- 
complicated depression all the depressants tried. Luminal re- 
sembled morphine and heroine more closely than any the general 
depressants, making expiration passive without depressing inspiration, 
but acted only narcotic doses, unlike morphine and heroine. 

Caffeine and strychnine, whenever they caused acceieration 
after morphine, brought back active expiration. Atropine never 
stimulated, and commonly acted synergist morphine. 

suggested that the results outlined this and the preceding 
paper point the existence separate central mechanism for the 
control each the phases respiration, and that, while each re- 
sponds the same chemical stimuli, the threshold the expiratory 
higher than that the inspiratory. Evidence presented 
indicate that expiration remains passive marked increase 
depth breathing may slow the rate, and respiratory mechanism 
that lacks active expiration may inefficient that concen- 


tration which stimulated when expiration was active may depress 


when passive. 


wish express our sincere thanks Professor Richards, 
for his invaluable suggestions and assistance these experiments, 
and Dr. Livingston and Dr. Brown, the Department 
Pharmacology, for cooperation many details this research. 
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EXPLANATION PLATE 


Fic. 1.8 Ether experiment. 

The figures under the signal tracing indicate the rates per minute, second 
intervals. 

corneal reflex very active; corneal reflex absent;C 
corneal reflex very sluggish; corneal reflex definite, but not active. 

The abscissa for blood pressure set mm. Hg. 


From the same experiment Fig. the preceding paper. 
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(Schmidt and Harer: Action drugs respiration. 


=" 
; == 


> 
= 
E 
i 
; 
3 


FUNCTIONAL AND ANATOMICAL STUDY THE EX- 
CRETION HEMOGLOBIN THE KIDNEY. 


YOSHU FUKUDA, M.D., JEAN OLIVER, M.D. 


(From the Department Pathology the Medical School Leland Stanford Junior 
University, San Francisco.) 


PLATE 


(Received for publication, July 24, 1922.) 


Deductions the function the kidney may drawn from 
evidence acquired either from morphological physiological study 
the organ. the properties excreted substance are such 
that can demonstrated the organ well estimated 
quantitatively the urine, then these two methods investigation 
may combined single experiment. Such opportunity 
found the excretion hemoglobin. 

The mechanism hemoglobinuria has been studied many 
investigators. shall consider here only those whose work sum- 
marizes the general problem bears directly our observations. 


1896, Ribbert (1), microscopic examination kidneys dogs which 
hemoglobinuria had been produced the intravenous injection water, found 
hemoglobin the capsular space the glomeruli and the lumen 
the convoluted tubules connected with such glomeruli. therefore concluded 
that the hemoglobin was excreted the glomerulus. Adami (2) more elab- 
orate experiments observed the same deposits hemoglobin Bowman’s space 
and accepted Ribbert’s conclusions. 

Objection such interpretation was first made Silbermann (3), who 
experiments similar type could find only few glomeruli that showed deposits 
hemoglobin. suggested that the hemoglobin was excreted the cells 
the tubules and that the occasional glomerular deposits were the result 
backing urine containing hemoglobin from the tubule. 

these studies the demonstration hemoglobin the sections kidney 
depended the occurrence the substance sufficient amount for its recognition 
its physical characteristics, particular its yellow color. elective stain 
for the substance weaker concentrations was devised Miller (4). This 
method was based Benda’s modification Weigert’s method staining the 
medullated fibers the nervous system. cells the convoluted tubules and 
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the ascending limbs Henle’s loop were found react strongly with this method, 
while positive reaction was found the glomerular space. therefore 
concluded that the principal source hemoglobin was the secretory cells the 
tubule. criticism followed Ribbert (5) and reply Miller (6), neither, 
however, adding any essentials their original articles. Baehr (7) has attempted 
reconciliation the opposing views. suggests that Ribbert correct the 
assumption that the hemoglobin filters through the glomerulus and that the intra- 
cellular hemoglobin described Miller the result storage the substance. 


analogy thus suggested between the excretion and storage carmine 
described Suzuki (8). 

Finally, must noted that many investigators have studied the excretion 
hemoglobin following various hemolytic poisons, and have pointed out the 
effects that damage certain parts the kidney may have the manner 
this excretion. are interested here only the method excretion the 
normal kidney, and will state passing that Schmidt (9) and Sellards and Minot 
(10) have definitely established that the excretion hemoglobin does not itself 
cause any damage the organ. 


Technique. 


Histological comparative histological evidence, 
such the reaction with red blood cells, which indicates the selective 
affinity hematoxylin under certain conditions for hemoglobin, but 
ideal microchemical method for the recognition the substance 
would one which the chemical basis more definitely understood. 
Such method has been worked out Brown (11), who has shown 
that oxidation hydrogen peroxide many the complex iron 
compounds found tissues allows their reaction with potassium 
ferrocyanide. typical Berlin blue reaction thus obtained with 
iron which ordinarily masked. 

Like all microchemical reactions, the method capricious, and 
negative results must controlled repeated experiments. 
our experiments various methods fixation the tissue were tried, 
and boiling either water Miiller’s solution for minutes was 
found most satisfactory. This was followed the usual 
dehydration alcohols and embedding 


Before staining sections which contain iron the form hemoglobin added 
the process the experiment, first necessary determine the normal iron 
content the cells. Brown has shown, practically all tissues contain iron 
compounds reacting some degree this method. periods oxidation 
are necessary, however, prepare such compounds for the reaction with the 
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ferrocyanide than are required show elements which, like red blood cells, 
contain hemoglobin. This latter substance may therefore stained differentially 
determining the time necessary for sufficient oxidation cause the iron 
react, yet insufficient for the preparation the masked iron the protoplasm 
tissues general. This time will vary, depending the strength the peroxide 
solution and the method fixation, that practise certain results are 
obtained only one stains the same time and with the same reagents known 
negative control. 

detail our method was follows: Sections were freed run down 
through the alcohols distilled water, and placed for hours per cent 
solution peroxide. After brief rinsing distilled water, they were placed 
mixture equal parts per cent potassium ferrocyanide and per cent 
hydrochloric acid for hour. The sections were finally counterstained with car- 
mine. The control section, known free hemoglobin except its red blood 
cells, was either mounted the same slide, run through separate slide 
with the experimental sections. 


Besides the method described above, Miller’s hematoxylin stain was also used 


for the purpose comparison. modification the details the method was 
made. 


Determination Hemoglobin the amount hemo- 
globin the urine was determined Newcomer’s method, with 
colored glass standard and the Duboscq colorimeter. cc. 
per cent sufficient amount filtered urine containing hemo- 
globin was added, the mixture allowed stand for minutes, and 
the comparison made. The hemoglobin was expressed percentage 
concentration milligrams the usual formula the method. 
trouble was caused the urinary pigments they are greatly 
diluted the determination. these experiments the animals 
were, moreover, excreting dilute urine which, except for the hemo- 
globin, quite pale. 

This method was checked diluting known solution hemo- 
globin with various amounts urine and satisfactory agreement 
found. 

EXPERIMENTAL. 


Variations the Amount Hemoglobin Excreted the Urine. 


The following was the general type experiment followed. 


male rabbit was given moderate intravenous injection normal saline 
100 cc. water stomach tube. hour later the animal was catheterized and 
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intravenous injection hemoglobin solution normal saline given. 
minute intervals the catheterization was repeated, each time the bladder being 
washed out with known amount water. these specimens the amount 
hemoglobin was determined. 


The amount hemoglobin injected was each case 0.06 mg. per 
kilo, twice the amount which Pearce, Austin, and Eisenbrey (12) have 
shown the threshold for excretion this substance through 
the kidneys. The solution was prepared from the animals’ own blood 
laking with distilled water the red blood cells which had been 
collected isotonic oxalate. This solution was made isotonic with 
NaCl and the stromata were removed with the centrifuge. the 
first experiments toxic effects and even death followed the injections. 
was found that these results could avoided manipulating the 
blood possible and injecting the final solution hemoglobin 
promptly after its preparation. study the cause 
these ill efiects soon had found way obviating them. 

all, ten experiments were done. The details typical experi- 
ment are given below and the results the entire series are summar- 
ized Text-fig. and Table 


Rabbit weight 2,625 gm. Bled 2.8 per cent hemoglobin solu- 
tion normal salt solution prepared. cc. normal salt solution were injected 
intravenously and minutes later 11.1 cc. the hemoglobin solution injected 
into the ear vein. This amount solution contains 0.315 gm., twice the threshold 
dose 0.06 gm. per kilo. The animal was then catheterized every minutes 
for eight periods, and then after and minutes. The amounts hemoglobin 
and water excreted are found Table 


comparison the series curves derived from the experiments 
shows several points interest. the first place, the amount 
urine the different periods quite variable and the time occur- 
rence the maximum output varies widely. must remembered 
this regard that the amount water given these experiments 
was comparatively small. marked diuresis was not desired, and 
the fluid administered was only for the purpose providing suffi- 
cient amount urine for the determinations. Doubtless adminis- 
tration larger amounts would have produced more regular 
output water, and certainly longer collection periods would have 
had smoothing the curves. 
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The amount and rate hemoglobin excretion are much more 
stable. There steady rise both, reaching the maximum 
seven out the ten experiments the second third period and 
then falling gradually with occasional levels constant excretion 
even slight rises (Rabbit 9). For the purpose description, 
shall refer the peak formed the excretion the maximum amount 
hemoglobin the major curve, and the lesser variations the 
minor curves. 

From consideration the characteristics these two curves, 
the one regular its course and the other variable, obvious that 
there can little conformity between the two. all the experi- 
ments save two, the major curve hemoglobin excretion bears 
constant relation the amount water excreted. the two 
exceptional experiments (Rabbits and the unusual regularity 
the water excretion causes coincide more less with the 
output hemoglobin. 

certain relation, however, can found between the curves 
excretion the two substances. This consists coincidence 
the majority the experiments the minor curves hemoglobin 
excretion with increases the amount water. This most 
strikingly demonstrated Rabbit which late diuresis, following 
injection NaCl solution, produced sharp and definite increase 
the excretion hemoglobin. other cases (Rabbits and 10) 
this increase the minor curve only slight, while others (Rabbits 
hemoglobin excretion than would expected from the preceding 
slope the curve. one experiment (Rabbit definite increase 
the amount water coincided with continually decreasing ex- 
cretion hemoglobin. 

The significance these relations between the output water 
and hemoglobin will discussed later when the histological distri- 
bution the excreted hemoglobin has been described. 


Demonstration Hemoglobin the Kidney. 


stated above, the microchemical demonstration the iron 
hemoglobin sometimes fails. Fortunately two controls are always 
hand, first the red blood cells the vessels the kidney under 
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test, which when stained indicate whether not the hemoglobin 
the section has reacted positively, and secondly, the tissue normal 
control kidney which possesses the masked iron common all 
cells, that may liberated too long oxidation. 

example the distribution hemoglobin kidney which 
excreting hemoglobin, the detailed findings typical experiment 
are given. 


Rabbit cc. 0.9 per cent NaCl solution given intravenously. hour 
later cc. approximately per cent hemoglobin solution, representing twice 
the threshold value, were injected into the ear vein and hours later the animal 
was killed. The bladder urine was stained dark red hemoglobin. Small 
pieces kidney were fixed once for minutes, boiling Miiller’s fluid, em- 
bedded paraffin, and sections stained, along with the normal control, for 
hemoglobin the method previously described. 

Microscopic Findings (Fig. red blood cells throughout both the experi- 
mented and control kidneys were stained light blue. Otherwise there was 
blue staining the control kidney. The following description applies only the 
one which was excreting hemoglobin. 

Cortex.—In the capsular space the glomeruli there fine granular precipitate 
which stains faint but definite blue. The lining epithelium Bowman’s space 
and the endothelium are negative, while the capillaries the vascular tuft 
are many blue-tinged erythrocytes. The proximal convoluted tubules rule 
show obliterated narrow lumen. The protoplasm their thick epithelium 
definitely blue, and some the striations due the batonnets can made out. 
The nuclei these cells stain only with the carmine. The distal convoluted tubule 
with its narrower epithelial lining shows more definite lumen which contains 
bluish granular material. The protoplasm the cells also stained definite 
blue. 

Medulla.—The descending limb Henle’s loop contains bluish granular material, 
but its lining epithelium stained red the carmine counterstain. The broad 
ascending limb, however, resembles its reaction the distal convoluted tubule, 
the protoplasm its epithelium being blue with the usual red nucleus. the 
lumina the collecting tubules and the ducts Bellini are large masses 
deep blue homogeneous granular material. The most intense blue the entire 
section found these cast-like appearances. The protoplasm the epithelial 
cells either red faintly tinged along the free border the cells with deposit 
blue color. 


Animals killed intervals from minutes hours showed 
the same picture; and the renal findings Miller’s method stain- 
ing were similar those Brown’s. The convoluted tubules 
and ascending limbs Henle’s loops were heavily stained well 
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the masses hemoglobin the ducts Bellini. The reaction 
these structures was very pronounced, that black hemoglobin 
contrasted well with practically unstained background (Fig. 2). 
Bowman’s capsule, where the hemoglobin was dilute, the reaction 
was not pronounced enough allow one definitely recognize the 
granular material hemoglobin. 

From the above description will seen that hemoglobin occurs 
the lumen the renal units increasing concentration from 
the capsular space the glomerulus the duct Bellini. the 
protoplasm the renal cells found considerable concentration 
the proximal and distal convoluted tubules and the ascending 
limb Henle’s loop. Small amounts are also seen the internal 
surface the cells the collecting tubules, but never here con- 
centration approximating that found the cells the tubules men- 
tioned above. Such distribution found minutes after the 
beginning the excretion hemoglobin and continues the 
typical condition for hours. 


DISCUSSION. 


evident that consideration either the functional the 
anatomical findings leaves considerable uncertainty the route 
taken the hemoglobin its passage from the blood stream the 
urine. either set observations considered the light the 
other, however, certain these complexities may cleared. 

From the microscopic findings certain that hemoglobin passes 
through the glomerular membrane, though apparently only low 
concentration, and that occurs considerable amount the cells 
the convoluted tubules and the ascending limb Henle’s loop. 
the same means are certain that great increase the con- 
centration hemoglobin the urine occurs the time has reached 
the ducts Bellini, which point may assume has reached 
its final concentration. 

The explanation this increase the hemoglobin concentration 
may made two ways: either (a) there absorption water 
the tubules, (0) there added excretion hemoglobin 
the tubules into the urine passes down the tube. Let examine 
the likelihood both processes. 
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(a) From the histological examination kidneys animals which 
are excreting hemoglobin, know that there considerable amount 
this substance the cells certain the tubules. Postulating 
that there excretion hemoglobin them, must assume 
that this hemoglobin has been absorbed from the lumen along with 
the water. Although absorption the two components the 
urine, water and hemoglobin, would very inefficient method 
raising the concentration the latter, such method possible. 

But comparison the curves water and hemoglobin excretion 
presents further complications. Rabbit (Text-fig. 1), for ex- 
ample, the large amount and high concentration hemoglobin 
the second minute period the result the production 
large amount glomerular filtrate and subsequent absorption 
the water, then must assume converse small degree hemoglobin 
absorption produce such high hemoglobin concentration. Yet 
sections the kidney such time regularly show marked accumu- 
lation hemoglobin the cells the tubules. Moreover, the 
third period, reversal must have taken place the relative degree 
absorption the two substances, the amount hemoglobin 
now decreased, yet the amount water increased. Inspection 
the curves other experiments will show that this same sudden 
shifting the relative degree absorption one the other the 
two substances required again and again, the variations rela- 
tive the two substances, they appear the urine, are 
explained any such process. 

(b) the second explanation accepted assume two concen- 
trating processes, occurring more less independently, absorp- 
tion water certain tubules and excretion hemoglobin 
others. The comparative constancy the hemoglobin curve 
explained corresponding constancy its excretion the cells 
the tubules, the amount decreasing gradually the available 
supply free hemoglobin the plasma becomes smaller. This 
accounts for the relatively large amounts hemoglobin seen the 
cells they are examined the early stages the experiment. The 
filtration and absorption water occurring independently this 
excretion the tubules will obviously form curve which has little 
relation the absolute amount hemoglobin excreted, 
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fExcretion water. 
Excretion water and hemoglobin. The abscisse represent 
periods time following the intravenous injection hemoglobin, most instances 
minutes. The ordinates show the amount water hemoglobin. The 
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greatest output the substance any one minute period taken 100, and 
the amounts for the other periods expressed percentages this maximum 
sample. The absolute amounts the two substances for each period are shown 
Table 
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small amount hemoglobin which does filter through the glomerular 
membrane will account for the slight secondary increases the amount 
hemoglobin which are seen following sudden increases the amount 
water put out (Rabbit 9), and the levels constant hemoglobin 
excretion seen after less exaggerated increases the water excretion 
(Rabbits and 10). This effect diuresis the excretion 
hemoglobin has been pointed out Haessler (13) who demon- 
strated that increases water excretion cause the appearance 
hemoglobin the urine even animals whose plasma contains 
small amount this substance that under ordinary conditions 
urine formation cannot pass the renal barrier. also worthy 
note that the effects diuresis our experiments were marked 
only the latter parts the experiments, time when the hemoglobin 
content the plasma was low, the condition which obtained 
Haessler’s experiments. 

the two possible methods hemoglobin concentration described 
above, the second seems preferable us. such method the 
renal findings, both anatomical and functional, are more directly 
explained than the assumption that the tubule cells absorb sub- 
stances but not excrete them. has already been shown 
one (14) similar mechanism glomerular filtration and tubule 
excretion operates the excretion urea. 


CONCLUSIONS. 


The anatomical and functional findings hemoglobin excretion 
are best explained the assumption filtration this substance 
through the glomerulus and additional excretion the 
tubule cells. 

Absorption water aids the concentrating process, and 
most marked the collecting tubules. 
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EXPLANATION PLATE 


Fic. Rabbit removed hours after the intravenous injection 
hemoglobin. Stained Brown’s method, the hemoglobin appears light 
blue. The lower portion the cortex and outer zone the medulla with medul- 
lary ray are shown. seen the vessels the glomeruli, the 
the convoluted tubules, the terminal portion the proximal convoluted 
tubules, and the ascending limbs Henle’s loop and the lumen the ducts 
Bellini. The process reproduction from the original colored drawing has some- 
what exaggerated the contrast between those cells which contain hemoglobin and 
those which not. Camera lucida drawing. 

Fic. Same section Fig. stained Miller’s method. The outer zone 
the medulla shown, which the terminal portions the proximal convoluted 
tubules are seen stained heavy black the hematoxylin. 
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(Fukuda and Oliver: Excretion hemoglobin kidney.) 


Fic. 


; 
“te 
ag 
; 
a 
< 
. 
° 
| 
q 


THE MECHANISM THE VOMITING INDUCED 
ANTIMONY AND POTASSIUM TARTRATE 
(TARTAR EMETIC). 


SOMA WEISS anp ROBERT HATCHER, M.D. 


(From the Department Pharmacology Cornell University Medical College, 
New York.) 


(Received for publication, August 1922.) 


The literature relating the mechanism the vomiting induced 
tartar emetic does not afford satisfactory explanation the phenome- 
non, which has been matter dispute for more than two centuries. 
present commonly accepted that this poison induces emesis 
reflexly through its action the stomach intestine, regardless 
the method administration. This view based mainly the 
results experiments performed Hermann’s laboratory, and the 
prestige Hermann’s name caused the conclusions his pupils 
accepted without critical examination the evidence which they 
submitted. Kleimann and Simonowitsch showed that traces the 
poison—but only traces—were present the vomitus following its 
intravenous injection. The fallacy their conclusions lies the fact 
that traces tartar emetic are incapable causing vomiting. 

wish call attention especially the observations Harnack, 
who states that many dissimilar emetics, including tartar emetic, 
are capable inducing paralysis striped muscle the frog, and who 
says that mention was made this many years ago Blake and 
Orfila. Harnack also states that may accepted law that 
those metallic salts which have marked local action, only those 
which induce vomiting mammals are capable causing this de- 
pressant action the muscles the frog. 

have investigated the problem the mechanism the action 
tartar emetic after having observed that the heart the seat reflex 
vomiting following the administration the digitalis bodies, and 
have endeavored learn why different investigators came such 
diverse conclusions. Limitations space not permit detailed 
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discussion even the more important papers which deal with this 
subject, but will give partial list them. 

The present report deals with (1) the comparative emetic activity 
tartar emetic intravenous and oral administration; (2) the 
the vagus emesis induced tartar emetic; (3) experiments 
the eviscerated animal; (4) the action tartar emetic the heart; 

_and (5) the action tartar emetic the abdominal organs. 

All experiments were performed the cat unless the contrary 

specifically stated. 


Intravenous and Gastrointestinal Administration. 


Magendie did not give the weights the dogs the concentration the 
solutions used his celebrated experiments, and while did not state specifically 
that the stomach the dog was filled with water before the tartar emetic was 
administered orally, one may infer from the context that was, hence could 
not repeat his experiments exactly. 

the present experiments tartar emetic was injected per cent solution 
intravenously into four cats doses 50, 35, 20, and mg. per kilo weight, 
respectively. largest dose induced emesis minutes; the next caused 
nausea minutes and emesis minutes; the third induced nausea 
minutes and emesis minutes; the smallest dose caused perceptible effect 
hours, but the animal vomited during the night and was sick during the follow- 
ing day. All the injections were made into the femoral vein within less than 
minute, usually within seconds. The protocol one these experiments 
follows. 

Protocol Showing the Rapid Onset Nausea and Vomiting after the 
Injection Large Dose female; weight 2.6 kilos. Animal 


fed meat about hours before experiment. Mar. 20, 1922, 3.4120 p-m. mg. 
tartar emetic per kilo, 100 parts normal salt solution, into femoral vein. 


3.42 p.m. Signs nausea, licks lips, does not swallow. p.m. Signs nausea 
positive, licks lips and swallows. 3.49 p.m. Vomited, after almost constant 
signs nausea. 4.13 p.m. Defecated; killed. 


have compared the emetic activity diluted and concentrated 
solutions tartar emetic oral administration fasting cats and 
those that had been fed only few hours before the experiments. 
Similar doses were used four experiments this series. 


mg. tartar emetic per kilo weight were administered through stomach 
tube each two cats that had fasted for period about hours. The first 
these received solution containing per cent the poison, the second received 
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solution containing 0.1 percent. The first vomited after minutes, the second 

after minutes. This experiment was repeated with two cats that had been 

fed shortly before. one that received the more concentrated solution vomited 

after interval minutes, the one that received the more dilute solution after 
minutes. 


These results show that the concentration the solution 
importance determining the interval that follows before vomiting 
occurs after the oral administration tartar emetic, and probable 
that whatever the concentration the solution which Magendie 
employed was greatly diluted the water the stomach. 

Luckhardt, Phillips, and Carlson reported that vomiting more 
easily induced mechanical irritation the duodenal, than that 
the gastric, mucosa, and seemed probable that the duration 
the interval following the oral administration tartar emetic before 
emesis depends partly the rate which the poison passes through 
the pylorus. therefore undertook compare the activity 
tartar emetic the stomach with that the duodenum and the 
jejunum. 


dose mg. per kilo dissolved 100 parts water was introduced into the 
stomach through tube after the pylorus had been order prevent the 
passage any the poison into the duodenum. This caused vomiting after 
interval hour and minutes. interval hours and minutes elapsed 
after tying the pylorus, before the tartar emetic was administered, hence there 
could question interference with emesis due the action the 
anesthetic. 

dose mg. per kilo injected into the duodenum cm. below the 
caused slight nausea after minutes, and vomiting hours and minutes after 
the injection. dose mg. per kilo introduced into loop the jejunum! 
caused perceptible effect within the period observation—9 hours. 


Vomiting frequently follows the operation tying the duodenum 
and the injection normal salt solution into duodenal loop, hence 
were unable make satisfactory comparison the emetic action 
tartar emetic the stomach and that the duodenum. 
theless, seems certain that more the poison required per unit 
area after its introduction into the duodenum than after its adminis- 
tration into the stomach. 


All operations were performed under chloroform anesthesia. 
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The the Vagus. 


The vagus evidently concerned the act vomiting, but the 
réle that plays not known with certainty. 


Magnus says that Openchowski the only one who has contributed our 
knowledge the nerve paths from the centers the periphery whereby the con- 
traction the abdominal muscles, the gastric contractions, and the opening the 
cardia are coordinated the act vomiting, and know other contribution 
this subject. Openchowski stated that the cerebral centers for contracting the 
cardia lie the region the quadrigeminate bodies, fibers from which run the 
vagus mainly end Auerbach’s plexus the stomach; that the center for 
opening the cardia the point where the caudate nucleus unites with the lentic- 
ular nucleus, from which fibers run the vagus the lower part the esophagus 
and the cardia; that there also center the cord for opening the cardia. Open- 
chowski classifies tartar emetic with those emetics which have periphreal reflex 
action, and states that the vagus alone concerned the emesis which they 
induce. Evidently refers the efferent path. well known, course, 
that the vagus also carries sensory fibers for the stomach and intestine. 


sought determine whether atropine capable preventing 
vomiting after the introduction tartar emetic into different parts 
the gastrointestinal tract and after its intravenous administration. 


Each six cats received intramuscular injection mg. atropine sulfaet 
per kilo weight and after interval about hour, designed permit the full 
effects the atropine develop, tartar emetic was administered. Two the animals 
received through stomach tube doses mg. per kilo weight, dissolved 
parts water. One vomited after minutes, the other had diarrhea after 
minutes” and vomited hours and minutes after receiving the tartar emetic. 

Four the cats received intravenous doses the tartar emetic, dissolved 
parts normal salt solution. One received dose mg. per kilo and died 
minutes later without exhibiting signs nausea; another received dose 
mg. per kilo and showed signs nausea period minutes, after which 
was killed; each two other animals received doses mg. per kilo and showed 
nausea after intervals and minutes, respectively, and both died without 
vomiting after second dose mg. per kilo. 


The intramuscular injection mg. atropine sulfate per kilo 
weight appears delay the onset vomiting following the oral 
administration tartar emetic, and prevent altogether after the 


have frequently observed that when diarrhea followed the intravenous 
injection emetic emesis was either delayed absent. 
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intravenous injection fatal dose, and seemed probable that 
even larger dose atropine might still further delay the vomiting 
following oral doses tartar emetic even prevent altogether, 
though Sollmann states that dose 0.05 mg. per kilo causes paralysis 
the vagi the cat. 


Each two cats received intravenous injection mg. atropine sulfate 
per kilo weight, dissolved 500 parts normal salt solution. After few 
minutes dose mg. tartar emetic per kilo, dissolved parts normal 
salt solution, was administered each through stomach tube. One cat showed 
slight nausea, the other showed effect during period hours, after which 
was killed. 


The results these two experiments show that massive intrave- 
nous doses atropine are more effective than even such large doses 
had previously employed intramuscular injection for prevent- 
ing vomiting after the oral administration tartar emetic, but since 
nausea was induced one the animals, even such doses not 
invariably paralyze all the sensory endings, and seemed probable 
that still larger doses tartar emetic than those used might induce 
vomiting even after massive intravenous doses atropine. 


ligature was tied just above the order prevent any tartar emetic, 
which was given later, from entering the duodenum, the cat was allowed 
recover from the effects the operation and the anesthetic, after which dose 
mg. atropine sulfate per kilo was injected intravenously, and after about half 
hour massive dose 100 mg. tartar emetic per kilo was administered 
through stomach tube. Nausea occurred after minutes and emesis after 
minutes. 


Atropine usually prevents emesis following the introduction 
normal salt solution into loop the duodenum, and vomiting 
occurred only two the seven control experiments which ob- 
servations were continued for periods hours, but resulted 
promptly every one six experiments which tartar emetic was 
introduced into duodenal loop, following the administration 
very large dose atropine. 


ligature was placed just above, and one just below, the each 
two cats, after which each received intravenous injection mg. atropine 
sulfate per kilo weight, 500 parts normal salt solution. After interval 
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few minutes solution mg. tartar emetic per kilo, dissolved parts 
water, was placed the duodenal loop. One animal vomited after minutes, 
the other after minutes, showing that even this dose atropine had percep- 
tible effect the action tartar emetic, except delay somewhat the onset 
emesis. Two nearly similar experiments were performed, but the duodenal loops 
were somewhat larger, and doses mg. tartar emetic per kilo were used. 
Both animals vomited promptly. 


TABLE 


Effects Following the Introduction Tartar Emetic Normal Salt Solution into Loops 
the Duodenum after the Administration Atropine Sulfate. 


Interval. 
Before nausea. Before emesis. 
mg. cc. min. 


Small loops were prepared! two other cats, after which amounts atropine 
corresponding 0.2 and 0.3 mg. per kilo respectively were placed these loops 
order secure the maximum local action the atropine, and after interval 
few minutes dose tartar emetic similar those used after the intravenous 
injection atropine (35 mg. per kilo) was placed each the loops. One animal 
vomited after minutes, the other after minutes. The amounts atropine 
which were placed these loops were much smaller than the totals those injected 
intravenously, but far larger than those which could come into contact with such 
small loops duodenum after the intravenous injection the larger doses. The 
tartar emetic must act locally such cases because atropine prevents vomiting 
after the poison has been injected results the experiments 
which atropine was used and the duodenal loops were tied off are shown Table 


Control experiments with normal salt solution. 
1.0 
1.0 
0.7 
0.7 
5 
0.7 
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also determined the effect cutting the vagi the emetic 
action tartar emetic placed the stomach, the duodenum, and 
that following its intravenous injection. 


tracheal cannula was and the vagi were cut! each twelve cats. 
After interval, sufficient permit the animal recover from the operation, 
tartar emetic normal salt solution was administered. 

Doses 50, 75, 100, and 100 mg. tartar emetic per kilo, respectively, were 
administered through stomach tube four the cats; all showed nausea during 
periods hour, and one those which received the largest dose vomited 
after interval hours and minutes. One the cats which had received 
dose 100 mg. was given similar dose after interval hours and min- 
utes. died hours and minutes after the last dose without vomiting. 

Each two the vagotomized cats received dose mg. per kilo 
duodenal similar those previously described; one vomited after minutes 
—exactly the same interval that which followed the use similar dose such 
loop with the vagi intact ina cat which had previously received intravenous 
injection mg. atropine sulfate per kilo. The second cat exhibited nausea 
after few minutes, with great respiratory disturbance, and emesis occurred only 
after hours and minutes. The introduction dose mg. per kilo 
caused nausea but failed induce emesis one experiment. Two control 
experiments were performed each which cc. normal salt solution per kilo 
was placed duodenal One the animals vomited after minutes; the 
other showed perceptible effects. 

Three the cats received intravenous injections tartar emetic after va- 
period about seconds, caused death after minutes during which time there 
were nausea. Each the other two cats received doses mg. per 
kilo parts normal salt solution. One these showed slight, but unmis- 
takable, signs nausea after interval minutes, and lasting about 
minutes, after which second dose similar the first was administered. The cat 
died minutes later without showing further signs nausea. The second 
animal received two doses, each mg. per kilo, the same way and died 
minutes after the second dose without showing signs nausea any time. 


The results these experiments show that cutting the vagi the 
cat inhibits the emetic action large doses tartar emetic, whether 
they administered orally intravenously, though such doses are 
capable inducing nausea some individuals after their administra- 
tion either way, and massive doses introduced into the stomach 
induce vomiting. Vagotomy appears have much less influence 


Cutting both vagi the cat causes asphyxia unless the trachea opened. 
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the action tartar emetic the duodenum, but though the total 
amounts used were much less than those required the stomach, the 
amounts the loops were far greater proportion the surface 
areas. 

The effects atropine the action tartar emetic are strikingly 
similar those vagotomy, but large doses are required paralyze 
the vagus the gastrointestinal tract. Though the intravenous 
injection tartar emetic did not cause vomiting after the vagi had 
been cut, large doses atropine had been injected, did induce 
nausea some cases, and fair presume that vomiting might 
induced small percentage numerous experiments. 


Experiments the Animal. 


have investigated this phase the problem means experi- 
ments animals that had been eviscerated the manner described 
Eggleston and Hatcher for the study the emetic action 
apomorphine. Two experiments were performed cats; both the 
animals vomited within few minutes after the intravenous injection 
tartar emetic, showing that the poison capable inducing emesis 
the cat the absence the entire gastrointestinal tract. These 
two experiments were essentially alike, except that one animal received 
dose mg. the poison per kilo, the other dose mg. per 
kilo. The protocol one the experiments given. 


Protocol Showing the Emetic Action Tartar Emetic Eviscerated Cat.— 
Cat, male; weight kilos. Chloroform used for anesthesia. Mar. 23, 1922, 9.20 
a.m. Completed operation for the removal the gastrointestinal tract from the 
anus. Administration chloroform stopped. Animal 
walks about; condition good. mg. tartar emetic per kilo, 100 
parts normal salt solution, injected into femoral vein within few seconds. 
11.12 a.m. Vomited (typical vomiting movements with the expulsion mucus 
from the esophagus). Animal killed. 


The Action Tartar Emetic the Heart. 


Hatcher and Weiss found that when cats are poisoned with digitalis 
bodies afferent impulses pass from the heart the vomiting 
center mainly way the vagus some, mainly way the sym- 
pathetic nerve others, such differences being due differences the 
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paths with different digitalis bodies, and also differences the 
paths with single drug different individuals. They found that 
simultaneous vagotomy and extirpation the stellate ganglia prevent 
vomiting and all signs nausea following the administration any 
the digitalis bodies which they studied. Since vagotomy does not 
invariably prevent nausea following the intravenous injection 
tartar emetic, and since the poison known exert toxic action 
the heart, seemed probable that the heart the seat the vomiting 
reflex. 


Two cats were used for these experiments. tracheal cannula was inserted, 
the vagi were cut, and the stellate ganglia were After interval 
about hours each experiment tartar emetic, dissolved parts normal 
salt solution, was injected intravenously once. Neither animal showed the 
least trace nausea. first animal received dose mg. per kilo and died 
after interval minutes. The second received dose mg. per kilo 
and since did not show the least sign nausea during the succeeding minutes, 
was then given dose mercuric chloride through stomach tube order 
determine whether the cat was still capable vomiting. occurred atypi- 
cally after minutes and the animal was then killed. 


The results these experiments point the heart seat—not 
necessarily the only one—of the emetic action intravenous doses 
tartar emetic. The protocol the second these experiments 
given. 


Protocol Showing that the Intravenous Injection Tartar Emetic Incapable 
Causing Nausea Vomiting the Cat after the Vagi Have Been Cut and the Stellate 
Ganglia male; weight 2.6 kilos. Chloroform used for anesthesia. 
May 11, 1922, 10.00 10.30 a.m. Tracheal cannula inserted; the vagi cut; the 
stellate ganglia extirpated. Animal coughed mucus that had accumu- 
lated esophagus; sign nausea. 1.15 p.m. cc. feebly acidulated 
water injected through stomach tube. 1.19 p.m. mg. tartar emetic per kilo, 
parts normal salt solution, injected into femoral vein. 1.20 p.m. Lies 
side; regurgitated little water; gastric contents expelled. 1.25 p.m. Much 
depressed. 2.05 p.m. Condition much improved, walks about. 2.10 p.m. Sits 
cage. 2.20 p.m. Licks fur (cleaning itself). sign nausea any 
time. 2.22 p.m. 100 mg. mercuric chloride per kilo 1:100 through stomach 
tube. 2.36 p.m. Vomited; unable get up; retching preceded vomiting. 
2.40 p.m. Killed. 


The results this experiment show that the animal was capable 
vomiting, though the tartar emetic failed induce nausea. The 
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regurgitated fluid apparently consisted the acidulated water that 
probably remained the esophagus because closure the cardia 
due the cutting the vagi. The occurrence regurgitation 
within minute after the intravenous injection the tartar emetic 
shows that was not caused the poison. 


The the Abdominal Organs. 


conceivable that the irritation almost any tissue the body 
may give rise the vomiting reflex, and, the other hand, might 
supposed that the operative procedure involved cutting the vagi 
and extirpating the stellate ganglia might have interfered with the 
emetic action tartar emetic the two experiments described, 
though, already shown, mercuric chloride caused emesis. 
not feasible investigate every possible seat this emetic action, 
but conducted two experiments designed serve controls 
the preceding, far the question interference the operative 
procedure concerned, and determine whether the abdominal 
organs, other than the stomach and intestines, are concerned the 
emetic action tartar emetic. 


The celiac ganglion, with the adjacent nerve tissue, was removed! each two 
cats which subsequently received intravenous injection tartar emetic. The 
first one showed great depression and was obviously poorly suited for the experiment, 
nevertheless, after interval about hours dose mg. tartar emetic 
per kilo, parts normal salt solution, was injected intravenously. Defeca- 
tion, the significance which closely related that vomiting, occurred after 
interval minutes, and the animal died about minutes later without 
showing signs nausea. 

The vagi were cut just below the level the diaphragm addition the extir- 
pation the celiac ganglion the second After interval about 
hours dose mg. tartar emetic per kilo, parts normal salt solu- 
tion, was injected intravenously. Nausea was induced after minutes, and vomit- 
ing occurred minutes after the injection the poison. The positive result 
this experiment rendered further experiments this type unnecessary. 


had reason doubt the correctness Thumas’ statement 
that the application tartar emetic the vomiting center caused 
depression that emesis could not then induced, but did repeat 
his experiment part, using one dog and two cats.! The tissues 
embraced the vomiting center (about sq. mm. the dog) prob- 
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ably constitute not more than 75,000 parts the total weight 
the animal, hence only very small amounts effective drugs are 
needed direct application this area induce emesis. 


The application 0.0005 mg. tartar emetic per kilo weight 5,000 parts 
normal salt solution, the first experiment dog, was followed the applica- 
tion three times that amount solution five times the concentration. 
These doses were ineffective and the application apomorphine then produced 
vomiting within minutes. 

The application 0.0017 mg. tartar emetic per kilo weight, 5,000 parts 
normal salt solution, was ineffective one cat, and the application 0.35 mg. 
per kilo, parts normal salt solution, was ineffective another. About 
mg. tartar emetic (total) were then dusted onto the vomiting center the second 
cat. There was little perceptible effect except moderate depression. The admin- 
istration mg. mercuric chloride per kilo, 100 parts water, through 
stomach tube caused emesis after minutes, after which the animal was killed. 


did not investigate the question the effect tartar emetic 
the vomiting center further, but noteworthy that the direct ap- 
plication such relatively massive dose powdered tartar emetic 
(not mention the very large first dose used the third experiment) 
the vomiting center the cat failed induce depression such 
Thumas observed the dog. 


DISCUSSION. 


have already mentioned certain salient points the literature 
relating the mechanism vomiting induced tartar emetic, and 
the results our experiments may discussed briefly. 


Physiologists had only vague ideas concerning the mechanism emesis previous 
the publication the paper Thumas, and the greater number those who 
studied the action tartar emetic sought explain with reference the gastro- 
intestinal tract the central nervous system. have already cited exam- 
ple this tendency, which still exists, the argument that the presence traces 
antimony the first vomitus following the intravenous injection the poison in- 
dicates that emesis induced reflexly from the gastrointestinal tract such cases. 

remarkable that the failure Thumas induce emesis placing tartar 
emetic directly the vomiting center did not lead the investigation the 
problem along new lines, and especially remarkable view the reiterated 
statement Harnack with reference the muscular action emetics, and the 
well known fact that tartar emetic poisons the heart severely. Apparently the 
prestige Hermann’s name gained acceptance for the work his pupils without 
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critical analysis, and the conclusions Nobiling, Grimm, and Kleimann and 
Simonowitsch served mainly introduce confusion into this difficult problem. 


The coincidence cardiac and emetic actions numerous drugs 
directed our attention the heart the probable seat the emetic 
action tartar emetic, but felt constrained analyze the basis 
accepted views and attempt explain why different investiga- 
tors came such discordant conclusions. 

have called attention elsewhere (Hatcher and Weiss) the 
fact that vomiting, the third stage least, the nature 
convulsion, strictly comparable the convulsions induced strych- 
nine, and that results from abnormally severe sensory impulses 
acting normal vomiting center, from normal sensory impulses 
acting abnormally sensitive vomiting center, such that ob- 
served after the local application apomorphine, strychnine 
(Magnini and Bartolomei), the vomiting center. 

well known that nausea induced mild stimuli, similar to, 
but weaker than, those that cause vomiting the normal animal, 
and have found that such mild stimuli cause emesis when the 
vomiting center rendered abnormally sensitive the application 
apomorphine. seems probable, therefore, that the sensory 
impulses induced the heart tartar emetic which pass the 
vomiting center mainly way the vagus, but that few pass 
way the sympathetic nerve and the stellate ganglia, and that when 
the vagi are cut the intravenous injection tartar emetic sometimes 
causes nausea means the few impulses which then pass 
through the sympathetic nerve, but that these not suffice set 
the convulsive movements the third stage vomiting. When 
the vagi are cut and the stellate ganglia are extirpated impulses 
can pass from the heart the vomiting center, and the intravenous 
injection even fatal dose tartar emetic does not induce nausea. 

Atropine has much the same effect cutting the vagi the emetic 
action tartar emetic, however administered; this involves the 
action atropine the afferent nerve ends the vagus. When the 
vagi are cut, sufficient amounts atropine are administered, the 
oral administration large dose tartar emetic sometimes causes 


Unpublished observations this laboratory. 
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nausea, but seldom causes emesis. cannot say that never 
does, and, fact, seems probable that large amount tartar 
emetic should pass the pylorus rapidly, emesis would result, for neither 
vagotomy nor the largest doses atropine are capable preventing 
vomiting following the introduction large doses tartar emetic into 
small loop the duodenum immediately below the pylorus, and 
massive doses tartar emetic irritate the gastric mucosa sufficiently 
induce vomiting after the vagi have been cut, after massive 
dose atropine has been 

All the facts that have presented seem show that the afferent 
emetic impulses induced the gastrointestinal tract tartar emetic 
pass equally well way the vagus the sympathetic nerve, and 
that the path depends the innervation the several parts this 
tract rather than any selective action tartar emetic the sensory 
endings® the two types nerves, the vagus being mainly concerned 
with the action the gastric mucosa, probably the sympathetic 
nerve mainly with the action the duodenal. The fact that 
atropine abolishes the afferent impulses the one case and not the 
other shows that there are two types nerve endings concerned the 
reflexes. 

are unable offer any explanation the fact that the afferent 
emetic impulses induced the heart tartar emetic pass upward 
mainly way the vagus, while those induced certain the 
digitalis bodies pass mainly way the sympathetic nerve, but this 
certainly the case, and were unable induce vomiting the 
intravenous injection fatal doses tartar emetic animals 
which the vagi had been cut, those which had received large 
doses atropine. Nausea was induced only one cat the in- 
travenous injection tartar emetic after the intramuscular injection 
atropine, and only one this means after the vagi had been cut. 

Openchowski’s contention that the vagus alone concerned the 
emetic action tartar emetic must modified, but probably true 


The problem the quantitative antagonism between atropine and the emetic 
action tartar emetic requires further study. 
not our purpose offer any suggestion regarding the nature the struc- 


tures concerned with sensory impulses, and use the word for the 
sake convenience. 
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that chiefly concerned many cases which emesis induced 
therapeutically, because nausea induced readily man small 
doses this poison; this results closure the pylorus, thus limiting 
the further action the drug the stomach for the greater part, and, 
have seen, the vagus chiefly concerned with the emetic im- 
pulses from the stomach. 


SUMMARY. 


has been shown that tartar emetic acts the stomach 
induce emesis after its oral administration, that only traces are 
present the vomitus following its intravenous injection (Kleimann 
and Simonowitsch), and that does not induce emesis when 
applied directly the vomiting center (Thumas). 

the present study, which was made with cats except when 
otherwise specifically stated, the intravenous injection tartar 
emetic caused emesis (typical vomiting movements) after the removal 
the entire gastrointestinal tract from the esophagus the anus. 

Cutting the vagi inhibits emesis after the intravenous injection 
any dose tartar emetic, though nausea may induced. 

Cutting the vagi and simultaneously extirpating the stellate 
ganglia inhibits both nausea and vomiting after the intravenous in- 
jection tartar emetic. 

Extirpation the celiac simultaneous cutting 
the vagi just below the level the diaphragm does not prevent emesis 
following the intravenous injection tartar emetic. 

Cutting the vagi prevents vomiting after the introduction 
large doses tartar emetic into the stomach, but massive doses may 
still cause emesis. Vagotomy probably has less influence the 
emetic action moderately large dose tartar emetic introduced 
into loop the duodenum. 

Atropine has very nearly the same effect the emetic action 
tartar emetic cutting the vagi, but much larger doses are neces- 
sary abolish the effect the introduction tartar emetic into the 
stomach moderate amounts than that equal amounts injected 


intravenously. 
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The facts just stated point the heart the seat reflex 
vomiting following the intravenous injection tartar emetic. 

The intravenous injection tartar emetic induces afferent 
emetic impulses which pass from the heart the vomiting center 
mainly way the vagus, much less extent way the 
sympathetic nerve and the stellate ganglia. 

10. The introduction tartar emetic into the stomach induces 
afferent emetic impulses which pass upward mainly way the 
vagus, much less extent way the sympathetic nerve. 

11. The introduction tartar emetic into the duodenum induces 
afierent emetic impulses which pass upward partly way the 
sympathetic nerve, partly way the vagus. 

12. seems probable that the path taken afferent emetic im- 
pulses induced the gastrointestinal tract tartar emetic depends 
the innervation the organ concerned, and not any selective 
action the poison the afferent nerve. 
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BLOOD DESTRUCTION DURING EXERCISE. 


II. DEMONSTRATION BLOOD DESTRUCTION ANIMALS EXERCISED 
AFTER PROLONGED CONFINEMENT. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, August 1922.) 


previous communication! was shown that slight decrease 
the total red cell volume and hemoglobin content the organism 
frequently occurs during single day exercise dogs previously 
kept under sedentary conditions. The decrease, however, very 
small proportions and not invariable, scarcely yields convincing 
proof increase blood destruction under the circumstances 
mentioned. Observations the effects several consecutive days 
exercise are obviously called for. 

Nothing more certain than that under the varied conditions 
normal life blood formation keeps exact pace with blood destruction. 
blood destruction relatively greater during exercise, then assuredly 
the marrow must put forth more cells animals habituated ex- 
ercise. Otherwise anemia would develop, and this not observed. 
But, well known, stimulation the marrow, even from con- 
siderable blood losses hemorrhage, not effective once. Only 
after several days does the replacement lost corpuscles onactively. 
the experiments described this circumstance has been utilized. 
Animals long accustomed sedentary life, and which pre- 
sumably little blood was being destroyed made, were exercised 
vigorously with the idea that the blood-forming tissue might 
“caught napping” and not once make such unusual corpuscle 
losses exercise would entail. 


Both the carbon monoxide and the dye methods for blood volume 
determination were employed. 


Broun, O., Exp. Med., 1922, xxxvi, 481. 
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The technique the dye method has already been that with 
carbon monoxide the procedure Van Slyke and Salvesen? was used the blood 
gas analysis. The readings were checked absorbing the gas with cuprous 
chloride solution. The arrangement the respiratory chamber resembled that 
described Arnold and his The CO, however, was introduced 
directly into the base the metal cone that closely covered the nose and mouth 
the animal. The determination residual the respiratory chamber 
was likewise made the method which Arnold employed. 

Dogs were used, the preceding study, and only such had been kept 
caged for several months. All were healthy adults and, with one exception, 
males. They were fed upon generous mixed diet containing considerable meat. 
change was made the amount quality the food during the period 
observation. the days which the animals were exercised, they were fed 
after its conclusion, since when food was given before during exercise vomiting 
was frequent. Treadmills were employed with the tread angle 20° 
the horizontal. The average day exercise consisted two hour periods 
treadmill work separated rest period hour. The dogs worked willingly 
and, especially the first few days, were very tired when released. Water was 
allowed the rest interval. Each dog was given consecutive days 
exercise. All ate well and remained excellent health and spirits, towards the 
end the days appearing take pleasure the exercise. 

The number preliminary blood volume determinations and the intervals 
between them were intentionally varied order rule out the possibility that 
the determinations themselves were responsible for such changes occurred. 
The control observations vary, therefore, number from one five, and the 
preliminary observation periods from single day weeks. The control 
periods some animals overlap the exercise periods others the same series 


and hence one can certain that common factor intercurrent nature was 


active depressing the cell volume. did not seem wise use the dye and 
the carbon monoxide methods together, the same individual, since the double 
procedure taxing. separate series animals was therefore used for each 
type determination. The observations with the method were made during 
the winter months, those with the dye method during the spring and summer, 
seasonal factor can invoked explain the parallelism result. 

some instances determination blood volume was made during the days 
exercise. all cases determination was made the day which exercise 
was discontinued. Five out six the animals Series (Table were kept 
under observation until the cell volume returned normal levels, went above, 
sometimes happened. Only occasionally was this done with the animals 
the other two series (Tables and 


Slyke, D., and Salvesen, A., Biol. Chem., 1919, xl, 103. 
Arnold, R., Carrier, B., Smith, P., and Whipple, H., Am. 
Physiol., 1921, 313. 
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The average such cell and plasma volume determinations 
were made prior exercise furnished the each instance. 
the tables all determinations are given both the actual number 
cubic centimeters cells plasma and percentages this 
normal, taking the latter 100 per cent. The percentage figures 
are made the basis the graphic representation the charts. 


Results the Carbon Monoxide Method. 


The findings the six animals Series are given Table 
and Text-fig. each instance the blood volume was determined 
the method. will seen that all the animals showed 
decrease cell volume during the exercise period. The average 
decrease for the series was per cent. The changes plasma 
quantity were very irregular; but the method known 
ill suited for plasma volume significance per- 
tains the variations observed. 


Results the Dye Method. 


Two series animals were exercised, and the changes blood 
volume followed the dye method. 

Series (Table Text-fig. the blood volume determinations 
during the preliminary control period were made the absence 
any exercise, far this could avoided animals lively 
dogs; while, with one exception (Dog 6), hours rest were allowed 
elapse after exercise before the later determinations, order that 
the distribution cells, natural during rest, might reestablish itself. 
Series (Table III, Text-fig. every determination was imme- 
diately preceded exercise least minutes duration, secure 
the altered distribution cells which brief activity brings about. 
has already been shown! false increase cell volume consequent 
changed cell distribution occurs during brief exercise when the 
determinations are made the dye method. 

all the animals distinct fall cell volume was noted. For 
Series the average decrease amounted per cent; for Series 
per cent. The agreement with the findings the method 


4Smith, P., Arnold, R., and Whipple, H., Am. 1921, 
336. 
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therefore striking. Since the factor cell distribution was controlled 
already indicated, the findings point actual decrease the 
volume circulating cells. 

one would expect, the plasma volume curves obtained the 
dye method are much more regular than those from the deter- 
minations. the majority instances, increase plasma was 


Carbon monoxide method 
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volume. Car monoxide method 


Series Blood destruction during exercise shown the 
method. Exercise was begun days after the point indicated Dog 


found the end the days exercise. Such was the case eight 
the eleven experiments recorded (Tables and III). two 
animals (Nos. and Table II, Text-fig. 2), although slight decrease 
occurred from the plasma volume noted the beginning exercise, 
the figures are still above the normal average. distinct decrease 
below the normal took place only during the first experiment Dog 
(Table Text-fig. 2). This increase plasma, occurring 
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Cell volume. Dye method 


pat 


volume. Dye method 
Series Blood destruction during exercise shown the dye 

method. The preliminary observations were carried out with the animal quiet. 


Dye method preceded exercise 


volume 


Plasma volume 
Series Blood destruction during exercise shown the dye 
method. The preliminary determinations were preceded brief activity. 
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did simultaneously with decrease cell volume, may represent 
effort maintain constant total blood volume. the other hand, 
evidence has already been given! that little several hours 
exercise single day cause increase plasma. significant 
that the three determinations that show decrease plasma have 
been present the end the exercise were made, not immediately 
thereafter, but when hours rest had elapsed. 


The Period Recovery. 


The time required for the cell volume return normal levels 
after the depression due exercise subject wide variations. All 
but one the animals Series (Table Text-fig. were kept 
their cages until recovery was complete. Dog recovered completely 
during the week after exercise was discontinued; No. the 
course the 2nd week; while Nos. and did not reach normal 
levels until nearly weeks had elapsed. 

Nos. and later developed well marked plethora; No. 
yielding the highest cell volume per kilo that the writer has encoun- 
tered supposedly normal dogs. less than three blood volume 
determinations were made the animal this time, two the 
method and one the dye method. All gave practically the 
same results. Only the first these three determinations recorded 
Text-fig. and Table The others find place subsequent 
Dog the series was utilized for other purposes after the 
day following exercise. this time his cell volume was 
per cent the normal. 

Series (Table II, Text-fig. and Series (Table III, Text- 
fig. the course recovery was seldom followed its close. Dog 
recovered within days after the initial period exercise (Table 
Text-fig. 2). Further exercise during the following week (Table 
Text-fig. caused second decrease cell volume, repaired 
the animal with equal rapidity. No. (Table Text-fig. 
showed but slight tendency recovery week after the first exercise 
period, but month later the cell volume was normal (Table III, 
Text-fig. 3). second period exercise this animal was followed 


O., Exp. Med., 1923, xxxvii (in press). 
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more rapid recovery,—the cell volume coming per cent 
the 1st week. The cell volume Dog (Table III, Text-fig. 
reached per cent the normal within days after the 1st week 
exercise. hour exercise was given days this interval. 
days later the cell bulk was far below the normal, seen 
from the preliminary determinations for the second experiment. No. 
(Table Text-fig. under similar conditions had, within 
days after the first exercise period, cell volume that amounted 
per cent the normal. month and half later very small 
cell volume was found, one practically the same proportions noted 
the end the first exercise period. The body weight had decreased 
kilos but the animal seemed excellent health and spirits and 
remained good condition for several months thereafter. second 
period exercise caused the cell volume both Dogs and 
fall below the new level that had been established (Table III, 
Text-fig. 3). 
Control the Nutritive Factor. 


has already been stated, food plenty was provided and the 
amount taken was frequently weighed. The appetite the animals 


TABLE IV. 
Control the Nutritive Factor. 


Cell volume. Plasma volume. 


Animal. Time. Per Per Remarks. 
average. average. 


No. 25. Female The day 1,026) 100 


collie; tion was begun. 
days. 
days later. 100 1,028) 100 
No. 26. Male The day observa- 100 
pointer; weight tion was begun. 
kilos. Food withheld 
days. 
days later. 102 102 


Determinations were made the method. 
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instance suffered from the exercise, yet control possible 
underfeeding during the exercise period, the following experiment 
was performed. 


Food was entirely withheld from two animals during period Blood 
volume determinations were made the beginning and end this period. 


The results are given Table IV. will seen that decrease 
cell volume occurred. 


DISCUSSION. 


The fact cannot too clearly emphasized that the decreases 
circulating hemoglobin and total cell volume which were caused 
the exercise employed the present work occurred animals pre- 
viously kept confinement for several months. Experiments, which 
allowed liberty previously exercised during considerable period 
time, the cell volume either fails decrease when exercise given 
according the method described shows but slight decrease. 

Most the literature the effect exercise blood has 
with the changes occurring the course single day exercise. 
has already been considered.! Schneider and followed 
the red count and hemoglobin three athletes intervals during 
period training, and noted slight increases both the end 
the period. The blood volume was followed single subject, 
several observations being made, before the training period and after 
training had been progress for more than weeks. marked 
changes occurred. These findings are not contradictory the ones 
here reported. The athlete studied had doubtless led active 
life prior training. Moreover, the space weeks training 
the hematopoietic system may completely adapt itself the demands 
exercise. has shown that after strenuous marches many 
individuals show traces hemoglobin and hematin the blood 
serum and urine—evidence injury the blood. 

has reported that carbon monoxide some extent 
taken the myohematin the muscles. may asked whether 


Schneider, C., and Havens, C., Am. Physiol., 1914-15, 239. 
J., Biochem. Z., 1916, 88. 
Whipple, H., Harvey Lectures, 1922 (in press). 
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the changes cell volume shown the method are referable 
any part this factor. For this marked decrease 
myohematin must occur during exercise. But similar changes 
cell volume are demonstrable with the dye method and the dye 
employed the work, vital red, not taken the respiratory 
pigments. follows that the changes cell volume are dependent 
actual changes the amount circulating cells. possible 
that the high volume figures found the method during the 
period recovery may due some small part increase 
myohematin consequent hypertrophy the muscles, though there 
abundant precedent for these figures the plethora that ordinarily 
follows recovery from the experimental anemias. 


SUMMARY. 


great decrease total circulating hemoglobin and red cell 
volume occurs dogs long maintained under sedentary conditions 
when they are exercised vigorously during several consecutive days. 
This would appear consequent increased blood destruction, 
unrepaired for the time being. 
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